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Patient management is a cornerstone of paediatric dental treatment. Applied 
Behavioural Analysis (ABA) provides an effective framework to develop small 
scale studies to research the effectiveness of behavioural interventions. 
Aim 
To explore the current status of ABA in children’s dentistry and determine how it 
might be implemented. 
Objectives 
i)              To determine the impact of dental anxiety on children’s oral health in the 
UK population at the age of 5, 8, 12 and 15 years. 
ii)  To conduct a structured review of the published paediatric dental literature 
which has adopted ABA. 
iii)       To determine the level of knowledge of the principles of ABA among 
specialist paediatric dentists in the UK 
iv)         To determine the feasibility of adopting an ABA technique (reinforcer 





This project takes the form of two parts.  
Part 1 
ABA methodology requires that the target behaviour is deemed to have a 
detrimental effect on the individual or be socially significant. 
Therefore part 1 looked to establish if dental anxiety in children predicted a worse 
health outcome.  This was completed via a secondary and regression analysis of 
data from the 2013 Child Dental Health Survey, including children aged 5, 8, 12 and 
15 years.  
Part 2 
 To establish if ABA has the potential to be of use in resolving children’s dental 
anxiety and uncooperative behaviour. 
This takes the form of 
i)     A structured review of published ABA literature related to paediatric 
dentistry.         
ii) A survey regarding the knowledge of ABA among specialist paediatric 
dentists in the UK. 







i) Dental anxiety was associated with worse health in children in this population 
group. Dental anxiety predicted poorer oral health in 5 and 8 year olds, but not in 
12 and 15 year olds. Dental anxiety predicted a detrimental effect on family life in 
younger children and a negative effect on everyday life of older children.  
Part 2 
i) Nineteen studies met the criteria for a published ABA study relating to paediatric 
dentistry.  The majority of papers reported studies reported on interventions 
involving a small number or participants, typically at the age of 8 years or under. 
The study design was typically multiple baselines across subjects. Behaviours 
studied included disruptive behaviour in the dental surgery, digit sucking, bruxism, 
dietary choices, and interproximal cleaning. Interventions were mainly 
contingency management.  
ii) Dentist’s knowledge of ABA - Participant’s mean knowledge score was 38%, 
range 0 to 75%.  
iii) The children’s reward choice study showed that there was no clear preferred 
reward common to all children, and no child preferred a “sticker” as a reward. 
Approximately 35% of carers agreed with the child’s choice, with significant 






Part 1 suggests that dental anxiety, in this population group, is a socially significant 
problem that leads to a worse health outcome. Many of the recommended non-
pharmacological behavioural techniques to manage dental anxiety are based on 
principles of behavioural psychology.  While the structured review in Part 2 
highlighted a small number of papers that used of ABA to help children cope with 
dental treatment, further research needs to be completed to further support its 
use. Our study on reinforcer preference of children under the age of 8 years 
demonstrates that ABA can be used to challenge existing norms as well as develop 
new innovative techniques. 
However, as evidenced by the results of the questionnaire survey, at present 
paediatric dentists in the UK do not have the requisite knowledge to implement 
effective ABA strategies. If this can be rectified, with the increasing emphasis on 
evidence-based approaches to dentistry including methods of behaviour change, 
ABA may be a valuable tool to the provision of innovative behavioural 
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Chapter 1 – Introduction and Literature Review 
1.1 Why choose to look at the management of paediatric dental 
anxiety? A personal perspective. 
 
A few years prior to commencing this thesis, I was struggling in my professional 
life, working as a community dentist in the South Wales Valleys. The behavioural 
management of dentally anxious children referred to me for treatment was a 
constant source of frustration. The undergraduate teaching I had gained at 
university had left me woefully unprepared for such a situation. Having failed to 
gain co-operation in the rather vague “acclimatisation” visit, I was quickly reaching 
for the general anaesthetic referral form. However, my long-standing interest in 
behavioural psychology left me feeling that there must be a better, more evidenced 
based approach to help a young child cope with dental treatment.  This led me to 
commence this project, looking to establish the value of interventions based on 
behavioural psychology (and the associated science of Applied Behavioural 
Analysis) to help young dentally anxious children cope with the stress of dental 
treatment. 
 
1.2  An overview of the thesis. 
 
Behavioural management of paediatric dental patients is vital for gaining co-
operation in the dental surgery, especially in the management of anxious patients. 
This chapter will provide a summary of the current literature regarding dental 
anxiety in the paediatric population, review the current guidelines on the non-
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pharmacological management of anxious children attending the dentist, and 
introduce the concept of Applied Behavioural Analysis (ABA). 
This thesis will take the form of accepted and published peer reviewed papers. The 
overall research questions are; 
Part 1) Does a child’s dental anxiety lead to a worse health outcome? 
 The first step of ABA methodology is to establish if the individual’s behaviour is 
socially significant. That is, the behaviour being investigated must have immediate 
importance to the individual or society (Baer 1968). Therefore, it is vital to 
establish if dental anxiety (and the associated undesired behaviours, such as 
disruptive behaviour in the dental chair) is a socially significant problem for 
children.  To this end, chapters 3 to 6 will take the form of accepted and published 
peer reviewed manuscripts which will analyse data from the Child Dental Health 
Survey 2013 (CDHS) to attempt to establish if dental anxiety predicts worse oral 
health and factors relating to oral health in children aged 5, 8, 12 and 15 years. 
Part 1 will be supported by a preface, stating the benefits and limitations of using 
the data gathered from the CDHS, a detailed description of the methodology used 
and the rationale for following this method. A detailed discussion of the results will 
also be included. 
 
Part 2) Does ABA have the potential to be of use in managing the behaviour of 
dentally anxious children in the surgery? 
This question can be broken down into the following; 
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a) How has ABA been utilised by the dental profession previously in the management 
of paediatric dental patients? This is presented in chapter 7 as a published, peer 
reviewed, structured literature review of ABA and paediatric dentistry. This article 
is prefaced with appropriate supporting material which gives a more detailed 
description of the review’s methodology, an in-depth critique of the papers chosen, 
and a full description of the review’s limitations. 
b) Does the profession have the requisite knowledge of behavioural psychology and 
ABA to implement its methodology effectively?  
To choose and implement an intervention effectively, one must have good 
underlying theoretical knowledge. Theoretical knowledge also allows one to self-
reflect and look for areas where improvement is possible in the future.  
As most recommended non pharmacological management techniques for young 
children are based on principles of behavioural psychology, chapter 8 investigates 
the current level of knowledge that the profession has regarding behavioural 
psychology. This again takes the form a published peer reviewed manuscript with 
appropriate supporting material. 
c) When considering the use of ABA, should we first challenge “accepted norms” 
utilised in paediatric dentistry? Chapter 9 seeks to challenge the preconceived 
notion that children are likely to find stickers a salient reward in the dental 
surgery. This chapter again takes the form of a peer reviewed manuscript with 




This will be followed by a discussion that looks to find the common themes of this 
thesis, answer the overall research questions and suggest a suitable direction to 
move this research forwards in the future. 
 
1.3 Dental anxiety in the paediatric dental patient. 
Dental anxiety and disruptive behaviour in children are closely linked. Such 
disruptive behaviour is difficult for the dental team to manage and can inhibit a 
child’s ability to have much needed dental treatment (Moore and Brodsgaard 
2001). Fear of dental treatment can often result in delayed attendance and 
disruptive behaviour and as a result the most anxious children often require 
invasive dental treatment (Nuttall et al 2008). For example, the Children’s Dental 
Health Survey reported that 21% of children judged themselves to have moderate 
to extreme anxiety related to dentistry (Children’s Dental Health Survey Report 1) 
and studies suggest that between 20% to 25% of children show disruptive 
problems at the dentist (O’Callaghan et al 2006). While the prevalence of dental 
fear and anxiety has been widely studied in a variety of cultures, there is scarce 
research that looks at the impact of dental phobia on the oral health of children or 
the psychological impact on the individual and family life.  
As mentioned in section 1.2, to establish the validity of ABA methods to improve 
patient behaviour and decrease paediatric dental anxiety, it is first vital to show 
that dental anxiety impacts on the oral health of paediatric patients.  
1.3.1 Definitions of dental fear, anxiety and phobia 
The terms dental fear and dental anxiety are often used interchangeably. This can 
be defined as an individual having a feeling of dread that something will happen in 
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relation to dentistry, combined with a sense of losing control (Klingberg and 
Broberg 2007). This response has been documented in a wide variety of cultures 
(Armfield et al 2006, Hakeberg et al 1992 , Milgrom et al 1988).  
Dental phobia is viewed as a “step up” in terms of the grading of fear. This is 
defined by the Diagnostic and Statistical Manual of Mental Disorders (DSM–V) as a 
specific phobia that is  
“ severe and out of proportion fear within a certain context to the presence 
or anticipation of a specific object or situation, (ii) the subject becomes 
immediately anxious following exposure to the stimuli. This may take the form of a 
situationally bound or situationally predisposed panic attack, (iii) the person is 
able to understand that the reaction is out of proportion, (iv) the subject avoids the 
situation or endures it with intense distress. (v) the subject’s reaction to the fearful 
stimulus interferes significantly with the person's everyday life.”  (Diagnostic and 
statistical manual of mental disorders (Fifth Edition) 2013). 
Dental anxiety, even in a mild form, can lead to profound behavioural management 
problems in children (Klingberg and Broberg 2007). Children are likely to become 
non-compliant when faced with novel stimuli, are subjected to an averse stimuli 
such as pain or discomfort, or are not allowed to escape from potential threat. As a 
result, the non-co-operation of children often leads to a profound challenge for the 
profession. 
1.3.2 Reported prevalence of dental fear/anxiety among children. 
The prevalence of dental fear in children has been widely studied in different 
cultures and among different socio-economic groups.  Despite the considerable 
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number of studies undertaken, the reported figures are extremely wide ranging 
with even structured review articles struggling to find a narrow range. For 
example, estimates of prevalence ranged from 5.7% to 20.6% in a review of 19 
studies by Klingberg and Broberg (2007).  
These diverse results may be explained by cultural differences affecting reported 
dental anxiety, the methodology and sampling method used, whether the dental 
anxiety was self-reported or gathered via a by proxy report and the measure used 
to rate the degree of anxiety.  
The differences in the prevalence of dental anxiety is noted, not only across 
different countries, such as comparing child populations in the USA to China 
(Morgan et al 1980, Milgrom et al 1994), but across different population groups in 
the same geographical area. For example, Christian children tended to report more 
dental anxiety than Muslim children in an African population (Ingram et al 1999).  
In the UK there are no accepted figures on the prevalence of dental anxiety. A 
survey of Scottish children, of 13 and 14 years of age, suggested 7.1% of children 
reported high levels of dental anxiety (Bedi et al 1992). A review of the Child 
Dental Health Survey 2003 reported that dental anxiety, sufficient enough to 
impact on a child’s ability to attend the dentist, occurred in three to four percent of 
cases across the four age ranges of 5, 8, 12 and 15 years (Nuttall et al 2008). This 
contrast to the latest Child Dental Health Survey in 2013 which reported that 21% 
of five-year olds and 17% of eight-year-olds suffered from moderate to severe 
anxiety, while 14% of 12-year-olds and 10% of 15-year-olds stated they had 
extreme anxiety (Child Dental Health Survey Report 1).  
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Aside from culture, there are numerous other reasons for these wide-ranging 
prevalence figures. Firstly, the participants may not represent a true reflection of 
the population group. For example, the data may be collected from a specialist 
referral centre for dental anxiety, leading to higher reported prevalence of dental 
anxiety. As an illustration of this, Bezabih et al (2013) reported 74.1% of children 
attending a specialist hospital dental clinic in Ethiopia, reported moderate to 
severe anxiety. Conversely, in epidemiological studies, such as the Child Dental 
Health Survey, participants who are extremely anxious may not consent to take 
part, leading to a lower reported prevalence.  Also, sampling methods may affect 
results. For example, children with disabilities and chronic health problems may 
not be included in the data collection, despite making up a sizeable proportion of 
the overall population group (Klingberg 2013). 
Secondly, if another party rates the child’s anxiety, it may well not be a true 
reflection of the child’s actual fear. For example, in children aged between 7 to 16 
years attending two community clinics in Scotland, Patel et al (2015) 
demonstrated a  poor correlation between self-reported dental anxiety and the 
parent’s estimate of the child’s dental anxiety. This may due to the child showing 
behavioural problems at the dentist that is not motivated by fear associated 
specifically with the dental environment. The observer may attribute this to 
anxiety. Conversely, a group of children may be co-operative at the dentist but not 
show any of their inner fear. If the dental fear of younger children is assessed and 
reported by the parent, their reported fear may just reflect their own fear 
(Themessl-Huber et al 2010).  The dental team are also unlikely to accurately score 
dental anxiety in the child patient, with previous studies only suggesting a low to 
moderate agreement between dentist and child anxiety ratings (Buchanan and 
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Niven 2003, Barros and Buchanan 2011). As a result, proxy measures of a child’s 
dental anxiety are often said to lack accuracy (Gustafsson et al 2010). 
Thirdly, even if the level of dental anxiety is self-reported, there is no universal 
measure in accepted use. Porritt et al (2013) completed a systematic review of 
current measures for assessing children’s dental anxiety. The studies were 
reviewed and assessed in terms of validity, reliability and if specific aspects of 
dental anxiety (using the Five Areas Model as a template). The results are 




Table 1 – Summary of self reported measures of anxiety as reported by Porritt et al 
2012.  















- High reliability 
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Used over a wide 
age range. 
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- Format of 
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Table 1 continued 
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Seven item facial 
image scale 
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Relies on computer 
access 











Nine items with 
respondent 
required to show 
level of agreement  




to different triggers 






aspects of dental 
anxiety. 
May not be suitable 




for child population 
group. 
 
Poritt et al (2013) suggested any measure should be short in length, suitable for a 
wide age range, examine a participant’s reaction to a variety of different stimuli 
and be developed with children. 
Al-Namankany et al (2012) reviewed 14 dental anxiety measures and advised that 
the following criteria should be met for a suitable anxiety measure for children 
1) should be age appropriate, with the child able to comprehend the questions 
2) demonstrate reliability in scoring and when retested. 
3) correlate with other measures such as the dentists’ rating of child 
cooperation 
4) have a numerical order to allow ranking of fear inducing stimuli  
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5) children at the age of 6 or above should be assessed for negative cognitions. 
 
Al-Namankany’s review suggested no index was deemed to be totally satisfactory 
and it was noted that no measure was accurately able to estimate what percentage 
of the population group were anxious or non anxious, due to lacking a formal 
sample size technique. The majority of samples did not have sufficient validation. 
For example, the visual analogue scale (Luyk 1988), as used in the Child Dental 
Health Survey 2013 to measure anxiety in the 5 and 8 year age group was 
validated by comparing it to the Frankl and Houpt measure, which itself was not 
validated (Frank et al 1962). In addition, some measures, like the previously 
mentioned visual analogue scale, only ask in general terms about the child’s level 
of anxiety. There is, therefore, no assessment of the exact nature of the individual 
child’s dental anxiety. Other measures, such as the modified child dental anxiety 
scale, have this capability by asking a series of questions about anxiety normally 
associated with dental treatment. However, young children may struggle to use the 
5 point scale ranging from “relaxed” to “extremely worried”. The addition of 5 faces 
instead of the 5 point scale attempted to correct this potential issue, but there has 
been concern raised about this introducing a bias towards the patient being rated 
as non-anxious (Tickle 2009). 
In conclusion, there is wide variation in the estimated prevalence of dental anxiety.  
The interaction of the above factors undermine the results of the studies 
undertaken and make it impossible to draw any firm conclusions. As an example, 
the Child Dental Health Survey 2003 was an epidemiological study whose sampling 
method did not attempt to correct reporting bias related to dental anxiety. In 
addition, it utilised an “ad hoc” by proxy measure, were the parent estimated the 
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child’s anxiety in only 50 percent of cases. As a result, the stated dental anxiety 
prevalence of 3 to 4% is likely to be considerably under-reported, as illustrated 
when compared to the results from the Child Dental Health Survey 2013. Even the 
updated methodology of this more recent survey is by no means perfect as 
outlined in the preface of Part 1. 
  
1.3.3 The aetiology of dental fear 
Initial acquisition 
The dental environment and dental treatment are full of possible perceived threats 
and averse stimuli (Willumsen et al 2013). Firstly, the instruments used in 
dentistry, such as needles and dental forceps are in themselves threatening. There 
is a suggestion that we are hard wired to be fearful of items that pierce the skin 
(Bracha 2006). Secondly, the close proximity of the patient to the dentist impinges 
on the patient’s personal space, which in itself is aversive to many people. Finally, 
the oral cavity is involved in vital functions, such as providing an airway. It is 
natural for one to feel protective of this sensitive area.  
Therefore, without suitable habituation to dental treatment young children are 
likely to react with fear when exposed to this environment. However, the majority 
of older children and adults do not suffer with dental anxiety. As described below, 
this has led to research in to specific events that leads to individuals developing 
dental anxiety 
Anxiety disorders are often proposed to be as a result of classical conditioning as 
described by Pavlov (1929). In the dental environment pain is often given as the 
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example of an unconditioned stimulus that then becomes associated with other 
stimuli in the dental setting, such as the smell. Indeed, there is evidence to suggest 
that people with dental anxiety often have memories of painful dental treatment 
(Berguis et 1997). However, studies report 48 to 60% of the population have 
experienced pain at the dentist (Vassend 1993, Armfield 2010) which is far more 
than the stated figures on dental anxiety prevalence.  
It may be the case that people with dental anxiety are more reactive to averse 
stimuli or cues that an unpleasant event may occur (Bradley et al 2008). There is 
also evidence to suggest that phobic individuals report higher pain scores 
following the event, even though there is no reported differences between non-
phobic and phobic groups at the time the pain occurred (Kent 1985).  
Aside from pain, the patient’s lack of control is also stated as a reason for dental 
anxiety. This has been associated with previous treatment where the patient felt 
they had limited control of the situation (Logan et al 1991, Milgrom et al 1995). 
Studies have also suggested that increasing perceived control leads to a decrease 
in dental fear (Law et al 1994). 
Aside from direct conditioning, Rachman (1977) proposed that patients could also 
acquire dental anxiety from modelling or via instructions or information. There is 
previous evidence to support this (Holst 1988, Klingberg 1995). However, 
contemporary models look at variables including genetics, that make certain 
individuals more likely to develop phobias.  
Mineka et al  (2006) discussed the acquisition of specific fears and phobias by 
looking at any vulnerability an individual may have to developing a phobia, what 
happened at the moment of stress, be it direct or vicarious and if there were 
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additional stimuli that led to increase or decrease in the anxiety after the event 
(see figure 1).  
Figure 1. Overview of Major Elements Incorporated in Contemporary Learning 
Models of the Etiology of the Anxiety Disorders, taken from Mineka et al (2006).  
 
Factors that make an individual vulnerable to dental anxiety. 
There is some evidence to suggest that there is a hereditary component that makes 
an individual more likely to develop anxiety disorders, such as a vasovagal 
response and a low threshold to being alarmed (Page 1998). In addition, certain 
traits in an individual’s temperament are more likely to be seen in children with 
dental anxiety such as inhibition, shyness and negative emotionality (Klingberg 
and Broberg 2007). Previous experience can make an individual more or less likely 
to develop dental anxiety. For example, vicarious learning may occur from a parent 
who is dental phobic. Conversely a parent who is relaxed and carefree when 
having dental treatment may immunise the child against developing a phobia. A 
perception that an individual will have no control over what the dentist does to 
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them are often encouraged in the media, in both films and even children’s books. 
Direct conditioning prior to the stressful event can also take place. For example, a 
previous fear of injections is often associated with dental fear (Poulton et al 1998). 
Previous pleasurable associations may immunise the patient against dental 
anxiety, through latent inhibition (Lubow, 1959).  
Factors related to the stressful event. 
Direct classical conditioning 
Conditioning, as described by Pavlov (1929) can occur very rapidly, leading to a 
learned fear of dental associated stimuli.  In addition this can take place via 
vicarious learning. For example, an individual watching a brother have a traumatic 
extraction. In addition, a lack of perceived control and an especially relevant 
stimuli (for example, something piercing the skin) can lead to a greater association 
between dental stimuli and anxiety. 
Post conditioning 
What occurs following the stressful event can also impact on the level of dental 
fear felt. For example, a further stressful event after the dental visit may lead to 
inflation of the original fear response (Mineka et al 2006). Re-appraising the visit 
in a positive light may decrease the fear response, or increase fear if the patient re-
appraises in a negative fashion (Chapman and Kirby-Turner 1999). Other 
previously conditioned stimuli may inhibit the fear response. For example, a calm 





The further development of dental fear. 
Various models have been proposed relating to the development of dental phobia 
over time (for example, Clark 1986). Many state non-attendance as a factor. For 
example, Berggren (1984) proposes that the negative cognitions about an 
individual’s own oral health and how they are viewed by others leads to non-
attendance, encouraged by the negative reinforcement of avoiding the perceived 
threat. This leads to the further deterioration of the individual’s health.  
1.3.4 The relationship of children’s dental fear with other factors. 
Klingberg and Broberg (2007) reviewed the literature and found the following 
relationships 
1) Dental fear has a positive relation with general fear. 
2) Younger children have more general fear in comparison to older children. 
3) Younger children tended to experience higher levels of anxiety when exposed 
to a fear inducing stimuli. 
4) Children who showed signs of dental fear were more at risk of developing an 
internalizing disorder, such as depression and loneliness. 
5) The child’s temperament appears to be linked to dental fear if there are traits 
such as inhibition, shyness and negative emotionality. Behaviour management 




1.4 – Managing the anxious child in the dental surgery. 
In terms of interventions to help a child cope with dental treatment, the majority of 
research has concentrated on pharmacological methods. These approaches, such 
as general anaesthetic will always have a place in paediatric dentistry. Nearly 
8,000 children still receive a general anaesthetic for dental treatment in Wales 
(Child Dental General Anaesthetics in Wales 2015), with the mean age of 5-6 years. 
However, there is a noted morbidity attached to such procedures, such as distress 
at induction and after the procedure, nausea, sickness and prolonged bleeding 
(Bridgeman 1999, Hosey, 2006). Other pharmacological techniques such as 
inhalation sedation are also indicated for use in young children displaying dental 
anxiety (Standards of Conscious Sedation in the Provision of Dental Care, RSeng, 
2015). Inhalation sedation is widely used both globally (Veerkamp et al 1995) and 
in the UK (Holroyd 2008). However, whilst this allows successful completion of 
dental treatment, the evidence base for such techniques altering the underlying 
behaviour is limited (Matharu and Ashley 2006). In addition, inhalation is not 
readily used in a general practice setting, and often only available in a secondary 
care setting (Standards of Conscious Sedation in the Provision of Dental Care, 
RSeng, 2015). 
The limitations of pharmacological techniques have led to an increasing push 
towards non-pharmacological methods of behaviour control and advice on how 
they should be used (American Academy of Paediatric Dentistry 2011 and 





1.4.1 Suggested non-pharmacological techniques  
Both the American Academy of Paediatric Dentistry (AAPD 2011) and the British 
Society of Paediatric Dentistry (Campbell 2011) offer guidelines for managing a 
child’s behaviour in the dental chair. These are outlined in the table below, stating 
the technique, a brief explanation of the technique and an example of studies 





Table 2 – Summary of suggested non-pharmacological techniques outlined by the 
AAPD and BSPD 
Management 
technique 








Aimed to decrease 
parent anxiety via pre-
appointment letter to 
give the family 
information on the 



















Alteration of dentist’s 
voice contingent on 
behaviour of child. 
Change to loud voice if 
child is not cooperating  




BSPD To familiarise a patient 
with a new procedure. 
Tell – explain verbally 
using age appropriate 
terms 
Show – physically show 
patient e.g rose head bur 
on finger 
Do- complete procedure 





BSPD Increased perceived 
control via a stop signal, 









reinforcement of gradual 
approximations towards 






Table 2 continued 
Management 
technique 





BSDP Patients learn to behave 
via observation of 
another. 
Can observe in the 








To move attention from 
dental environment to 
another stimuli e.g 
cartoons, audio book. 
Can be contingent or non 
contingent of desirable 
behaviour 
Can be active or passive 





BSPD Patient taught an 
alternative behaviour 
which they then practice 
when exposed to fear 
inducing stimuli which 
have previously been 
ranked in hierarchical 
order. 





BSPD Being allowed access to 
escape from aversive 
stimuli contingent on 
desirable behaviour . 
For example, hand over 
mouth technique 




BSPD Communication based on 
empathy towards the 
child’s concerns  




BSPD Cognitive strategies to 
allow a child to manage 
dental treatment. For 
example, rationalisation. 




BSPD Use of a magic trick prior 
to treatment to gain 
cooperative behaviour in 
the dental surgery 





Table 2 continued 
Management 
technique 









Technique to encourage 
positive memories of 
dental visit 




BSPD Technique to encourage 
individual into more 
susceptible state to help 
alleviate dental anxiety 




BSPD Treatment in 
environment featuring 
dimmed lighting, 
vibroacoustic stimuli and 
deep pressure. 




AAPD Ask – enquire about 
feelings about planned 
procedure 
Tell – explain with age 
appropriate and non 
threatening language 
Ask – enquire again 








BSPD guidelines describe 
using the selective 
exclusion of the parent 
contingent on the child’s 
behaviour but with 
specific informed 
consent from parent.  
AAPD advises parent be 
present to aid child 
emotional support 






The majority of these techniques are based in behavioural psychology principles. 
For example, behavioural shaping via positive reinforcement, or the positive 
punishment and negative reinforcement of hand over mouth technique. ABA is a 
science devoted to developing procedures which will produce observable changes 
in behaviour utilising the principles of behavioural psychology (Baer et al 1968). It 
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therefore may have the potential to be a potent tool for ensuring the correct 
intervention is delivered in the optimum manner to aid the treatment of 
uncooperative children in the dental environment.  
1.4.2 An introduction to Applied Behaviour Analysis (ABA). 
As outlined in greater depth in the published manuscript in chapter 2, ABA is an 
approach to the modification of behaviour that is based upon the principles of 
operant and classical conditioning. Broadly, the ABA approach consists of (i) 
defining in behavioural terms the nature of the problem, (ii) exploring those 
factors that are antecedent to the behaviour (and thus ‘acting’ as triggers of the 
behaviour) and (iii) noting any consequences of the behaviour that reinforce it i.e. 
make the behaviour more likely to happen.  
This process is known as ‘Functional Analysis’ (Sturmey 2008) and seeks to 
determine a “functional relationship” – that is, to determine the function of the 
behaviour in terms of whether the behaviour leads to a reward either directly or 
indirectly such as the avoidance of a negative consequence e.g. escape from an 
aversive situation. 
 The methods of ABA focus on providing individual, evidence based methods for 
both behaviour modifications and the measurement of it. Since ABA provides 
practitioners with structured approaches to evaluating individualized programmes 
of behaviour change, the technique can also be used to directly evaluate the effect 
of the intervention in real time. In this way, the need for auxiliary outcome 
measures is reduced and the technique can be used as a research tool in its own 
right. As such, it is an important complement to Randomised Controlled Trial 
methodology in reporting the effect of behavioural interventions. 
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ABA comprises a range of methods which seek to demonstrate a functional 
relationship between a chosen behaviour and its consequences and then to devise 
an intervention in single cases or small group studies to create a new functional 
relationship between a new behaviour and reward. This research may then be 
used to inform the development of a randomised controlled trial to further support 
the generality and transportability of the procedure (for examples of this approach 
see Allen and Wallace 2013) therefore promoting the intervention further in the 
scientific community. 
 Conversely ABA provides a link between the evidence base, gathered from 
randomised controlled trials, to the practical application of a behavioural 
intervention. Randomised Controlled Trials provide high level evidence of the 
general effect of an intervention. However, few interventions work universally for 
all individuals. ABA is a delicate and precise tool to assess both barriers to the 
implementation of research findings, and those variables which mitigate or 
promote the impact of an intervention. 
Ultimately the purpose of ABA is to benefit patient care through the promotion of 
the scientist-practitioner model. The gathering of sufficient data prior to an 
intervention (for example, what reward is likely to motivate a child to co-operate 
for dental treatment) while potentially time consuming, parallels the 
recommendation of good history taking in all other areas of medicine and can be 
used to motivate patients and carers to accurately assess if the problem is getting 





1.4.3 The use of ABA outside of dentistry. 
Outside of healthcare, ABA has been utilised in a wide range of settings as outlined 
in table 3 to demonstrate the effectiveness of behavioural interventions. 
Table 3 – use of ABA outside of health care 






Repp & Horner (1999) 
 
Mental Illness Teaching self-control Dixon, M.R. and Holcomb, 
S. (2000) 
Education and Special 
Education 
Reducing problem 
behaviours in the class 
room 
Developing teaching 
methods for improving 
teaching of students with 
special needs 




Rusch et al (1988) 
Rehabilitation after 
injury or trauma 
Decrease delay in 
responding of trauma 
victim 





(to change behaviour to 
benefit a large number of 
people) 
Decreased illegal parking 
Prompting seat belt use 
Cope & Allred (1991) 
Cox & Geller (2010) 
Clinical Psychology Behaviour therapy and 
cognitive behaviour 
therapy 
Hersen and Rosqvist 
(2005) 
Sports Performance Improving gymnastics 
skills 
Boyer et al (2009) 
 
 
Traditionally, ABA was utilised to aid individuals with special needs (Keenan, 
2006.). However, this has changed rapidly, with more studies devoted to 
supporting paediatric health care (Allen et al 1993). One of the earliest and well 
publicised studies helped a 3 year old autistic child to show compliance in wearing 
prescription glasses following cataract surgery (Wolf et al 1964). Other studies, 
which followed ABA methodology, have looked to improve compliance of 
paediatric medical patients. For example, ABA was utilised to prompt participants 
to take medication (Heinssen 2002) and to increase compliance of juvenile diabetic 
patients with foot care regimes, dieting and urine testing (Lowe and Lutzker 
1979). Examples of other areas studied in paediatric medicine include sleep 
disorders (Piazza and Fisher 1991), managing chronic pain (Allen and McKeen 
1991) and habit disorders (Watson and Allen 1993). There are numerous studies 
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that are of direct relevance to the problems faced by the paediatric dental team. 
For example, systematic desensitisation has been used to help an adult patient 
with severe needle phobias (Fernandes 2003) or interventions to aid appointment 





Chapter 2 -Applied Behaviour Analysis and Paediatric 
Dentistry: An overview 
Published in the Journal of Disability and Oral Health 




2.1.1 Overview of article 
 
This published article follows on from the short introduction to ABA given in 
Chapter 1 (1.4.2). ABA is an applied science which inevitably is weighed down with 
its own terminology, which may be a considerable communication barrier to those 
in the dental profession.  As stated by Allen et al (1993) in relation to paediatric 
medicine, the technological language of ABA often prevents a combined approach 
between behavioural therapists and medics. Therefore, the articles inclusion in the 
thesis is justified to clarify the terms used, to explain the methodology often used 
in published studies and to detail the interventions commonly implemented. 
 
The papers referenced broadly fall into two categories. Firstly, many of the 
definitions are taken from review articles and text, which have been commonly 
cited by numerous other authors. For example, Cooper et al’s Applied Behavioural 
Analysis (1987) textbook is often viewed as a valuable source of information to aid 
definition and summarise methodology principles. Secondly, empirical research 
papers have been referenced to clarify types of studies designs. For example, the 
multiple baseline design utilised by Jin et al (2013) to help children with sleep 
problems. These studies were chosen as they followed accepted ABA principles of 






2.1.3This article’s place in the thesis narrative. 
 
At the start of the following article ABA is defined a science which concentrates on 
socially significant behaviour. 
 
As quoted in the article, Wolf stated; 
 
“the focus is on behaviours that are socially significant – that is that have meaning 
and importance for the individual and their family/carers (Wolf, 1978).” 
 
There is therefore clearly a need to examine the effect of dental anxiety on the 
individual and the people closely associated with them; in other words, is 
children’s dental anxiety a socially significant problem? This leads us on to the first 
part of this thesis which examines if dental anxiety is associated with worse health 





























Chapter 3- Part 1 
Is dental anxiety in children associated with worse 
health? 
3.1Supplementary information 
3.1.1Overview of Part 1 
Part 1 comprises four papers published in the British Dental Journal to attempt to 
answer the first research question; is dental anxiety in children a socially 
significant problem that the dental profession should seek to manage and resolve? 
Only after answering this question is it possible to determine whether ABA has the 
potential to be used effectively by the profession to aid the behavioural 
management of dentally anxious individuals. 
As the thesis concentrates on dental anxiety in the UK population, these analyses 
utilised the data collected from the Child Dental Health Survey of England, Wales 
and Northern Ireland in 2013. This survey has been carried out with slight 
modifications every 10 years since 1973 to monitor the dental health of children. 
In addition, the survey sought to explore the relationship between oral health, 
experiences, attitudes and behaviour and monitor the changes in children’s dental 
health and related behaviour over time. 
The 2013 Child Dental Health survey included participants from four age groups – 
5, 8,12 and 15-year olds). The descriptive analyses highlighted variables which had 
a significant association with dental anxiety.  Variables chosen related to oral 
health, oral health related behaviour and the impact oral health had on an 
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individual (12 and 15 year olds only) and their family. It was necessary to separate 
analyses by age group since there were differences in the methodologies used for 
the two age groups. Many of the variables related to oral health related behaviour 
in the younger age groups (5 and 8 year olds) were ascertained by proxy reports 
from the parent/carer. The older age groups (12 and 15 year olds) completed a 
questionnaire themselves, including stating their level of dental anxiety. 
A regression analysis was conducted to determine whether any relationship 
between dental anxiety and oral health was maintained once the effect of 
confounders had been considered. Put in simple terms this regression analysis 
aimed to ask the question “Does dental anxiety still predict worse health in 
children once the effect of other variables has been taken into account?”.   
The methodology is described in in Figure 1 with all the statistical analysis 




Figure 1 – Diagrammatic representation of regression analysis  
 
 
3.1.2 Limitations of using the CDHS 2013 
Bias introduced due to sampling technique 
As mentioned in section 1.3.2, epidemiological surveys are prone to under 
reporting the prevalence of dental anxiety. This is likely to be true of the CDHS 
2013, where positive consent was required from the parents of 5 and 8 year olds 
and from the actual child in the 12 and 15 year old groups (White et al 2007). 
Children could also opt out on the day of the examination. As such, children (or 
 
 
Outcome measures chosen by examination of 
data and agreement between JC, MTJ and JTN 
 
Predictors chosen by examination of 
data and agreement between JC, 
M.T.H. and J.T.N. for 5 and 8 year olds 
and 12 and 15 year olds. 
 
Predictors coded into binary groups. 
Data entered into SPSS (version x) 
logistic regression model with 
outcomes measures of significance 
(deemed significant if p <0.05), odds 
ratio, Cox and Snell R2. 
Indicators of Oral Health 
assessed during the clinical 
examination 
Previous decay experience 
Active decay present 
Teeth extracted due to decay 
Restoration present 
PUFA  





Indicators of oral health 
effecting quality of life 
and quality of family life 
Child OIDP 





































Outcomes coded into binary groups 
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indeed parents) with high levels of dental anxiety may not have consented to take 
part in the survey resulting in under reporting the prevalence of high dental 
anxiety. In addition, due to the sampling taking place in schools, certain groups of 
children were excluded from the survey. For example, children who were home 
schooled, attending special schools, or in pupil referral units.  
The CDHS aimed to survey the oral health of 5, 8, 12 and 15 year olds in England, 
Wales and Northern Ireland. Schools were treated as sampling units and the 
samples were clustered to reduce examiner travel time in England and Wales. 
While the methodology aimed to sample a group representative of the population, 
children in “deprived” areas were oversampled in order to ensure the sample size 




As such, the sampling methodology was not designed to accurately reflect the level 
of dental anxiety in this population. For instance, factors such as culture which are 
known to affect the prevalence of reported dental anxiety (see section 1.3.2) were 
not considered.  
3.1.3 Variables chosen. 
The data set had a considerable number of variables to choose from.  These were 
examined by the authors of the paper and the KCL statistics department and 




a) The measure was assumed to measure oral health, a behaviour relating to 
oral health or the impact oral health had on an individual or family’s quality 
of life. 
 
b) For categorical variables, there were sufficient numbers in all categories to 
enable significance level testing via cross tabulation 
 
However, despite taking the above precautions there are some noticeable 
omissions. For example, dental trauma has not been selected which could well be 
related to dental anxiety. However, this was excluded since it was assumed that the 
relationship would be in the direction of dental trauma resulting in anxiety, rather 
than, as was the interest in these studies, whether dental anxiety resulted in 
increased dental treatment need (through the possible mechanism of delayed 
treatment). 
As stated in all four of the published papers, the findings of these studies are 
limited by the measures used to rate the levels of the child’s dental anxiety. To 
summarise, the Visual Analogue Scale used for the younger age groups was a proxy 
parental report of the anxiety that had no validated cut off between dental phobic 
and non-phobic. The older age range described their anxiety via the self-report 
Modified Dental Anxiety Scale. Although this measure has been validated 
previously and cut off score for dental phobia established, this research was 
conducted with an adult population. The measure has not been validated with 
adolescents. 





Table 1 – Variables used in the secondary analysis of the Child Dental Health 
survey. 
 
Variable Description Rationale for 
inclusion 
Limitations 
Gender Male or Female. Previous evidence to 
suggest that dental anxiety 
higher in females (for 
example, Porritt et al 2013) 
 
Age 5, 8, 12 and 15 year old age 
groups. 
Previous evidence to 
suggest that dental anxiety 
related to age of child. 
Study will not pick up if 
anxiety was related to 
other age groups e.g. 14 
year olds because they 
are not included on the 
sample  analysed. 
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Table 1 continued 





Decay experience according 
to the 2003 criteria which 
states ‘All teeth with 
cavitated or visual dentine 
caries, restorations with 
cavitated or visual dentine 
caries, teeth with filled 
decay (otherwise sound) 
and teeth extracted due to 
caries. Excludes teeth with 
enamel caries present. ‘ 
(Pitts el al 2006) 
 
 Grouped into two groups: 
no decay experience; and 
decay experience 
Widely used measure of oral 









  Numerous limitations: 
For example, missing 
anterior teeth on 5 year 
old survey is assumed to 
be exfoliated rather than 
missing due to tooth 
decay.  
-Teeth may be restored 
due to trauma or other 
reasons such as 
hypoplastic enamel. 
-Total DMFT/dmft is 
blunt measure on its 
own e.g. DMFT of 2 
could be due to 2 filled 
teeth OR 2 missing teeth 
or 2 decayed teeth or a 
combination of these.  
-Does not relate decay 
experience to number of 
teeth at risk  
-Excludes enamel caries, 
therefore not possible to 
judge the prevalence of 




Teeth can be lost due to 
orthodontic needs, 
trauma or they are 
congenitally missing or 
not scored as unerupted. 
-If all tooth surfaces are  
involved scoring reaches 
saturation point and not 
possible to score if 
caries is progressing  
-Does not give account 
for treatment needs or 
rate of caries 
progression. 
-Equal weighting to 
missing, untreated 
decayed and well 
restored teeth 
-Grouping of data into 
binary values may 
decrease the value of the 
analysis. E.g. no 
differentiation between 
a  child with a small 
composite filling and a 
child with multiple teeth 
with gross caries. 
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Table  1 continued 





Permanent and deciduous 
teeth restored. 
 
Grouped into no 
restorations present and 
restorations present. 
Allows an estimate of decay 
experience which has been 
treated previously. 
Possible to wrongly 
attribute restorations 
due to caries as may be 
due to trauma, enamel 
hypoplasia, aesthetic 
reasons etc.  
 
Grouping of variable 
into binary values 
prevents detailed 
analysis i.e. no 
difference between 






Teeth removed due to 
dental decay 
 
Grouped into no teeth 
extracted due to caries or 
one or more teeth extracted 
due to caries. 
Allows estimate of decay 
experience. 
Difficulties in assessing 
if teeth removed due to 
orthodontic reasons, 
congenitally missing or 
unerupted. 
Also incorrect scoring 
possible due to teeth 
deemed to be exfoliated 
but actually extracted 
due to decay. 
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Table 1 continued 





Indications of soft tissue 
lesions: visible pulp, 
ulceration, fistula or abscess 
(PUFA).  
Grouped into: a) no soft 
tissue lesion seen; and b) 
soft tissue lesion seen. 
Used as a measure of the 
clinical consequences of 
untreated dental caries 
which is not provided by 
DMFT.  
Some suggest that 
ulceration should be 
dropped from the index 
and fistula and abscess 
combined to one score 
(Frencken et al 2011) 
 
Grouping into binary 






the time of 
the survey? 
Only reported in adolescent 
age group. 
 
Grouped into yes or no 
 
Previous research has 
highlighted that children who 
have experienced orthodontic 
treatment tend to be less 
anxious. (Luoto et al 2009) 
Orthodontic treatment 
in the 12 year old age 
group is most likely to 














Table 1 continued 









Grouped into yes or no 
 
As above Incorrect scoring as 
teeth may have been 
removed due to caries, 
trauma etc. 
For example, decayed 
first permanent molar 





Scored on a scale of one to 
five, rating from very good to 
very poor. The variable was 
divided into two groups: ‘very 
good/good’ and ‘fair/worse’ 
 
Examine the relationship of 
dental anxiety and self -
rated general health 
Grouping into binary 
variables prevents more 





Scored on a scale of one to 
five, rating from very good to 
very poor. The variable was 
divided into two groups: ‘very 
good/good’ and ‘fair/worse’ 
 
Examine the relationship of 
dental anxiety and self-
rated dental health. 
Grouping into binary 
variables prevents more 
in depth analysis. 
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Table 1 continued 











bad breath in 
last 3 months 
Grouped for each variable 
into “yes” or “no” groups. 
Allows a more in depth 
report compared to self-
reported dental health 
above 
Easy for individual to 
attribute normal event 
with percieved 
pathology. E.g. bleeding 
gums and toothache 
may be due to 
exfoliating deciduous 
tooth, referred pain 
from earache or 
sinusitis. 
 
Question of individuals 
ability to recall correct 




Table 1 continued 
Variable Description Rationale for 
inclusion 
Limitations 
CHILD- OIDP An oral health-related 
quality of life index for 
children, with a child 
responding by choosing one 
option from the eight items 
listed below.  
In the last three months the 
child reports difficulty 
eating, speaking, cleaning 
teeth, relaxing and sleeping, 
reports they feel different,   
difficulty smiling, laughing, 
and showing teeth  
difficulty doing schoolwork 
and difficulty enjoying being 
with people  
 
For descriptive analysis an 
overall score was then 
calculated. 
 
For the regression analysis  
these were grouped into 
two groups; not affected 
and affected. 
Provides an insight into how 
child feels 
and how satisfied they are 
with their health 
 
Evidence to suggest these 
feelings effect an individual 
into adulthood (Reisine 
1985)  
 
Validated in UK (Yusuf 
2006) 
The use of an overall 
score in the descriptive 
analysis and the binary 
groups used in the 
regression analysis 
prevents a more 
detailed examination of 
the relationship 
between quality of life 
and dental anxiety. 
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Table 1 cont. 





Scale to measure impact of 
child oral and oro-facial 
conditions on family quality 
of life. 
Consisted of 7 items with 5 
possible responses ranging 
from never to almost every 
day. 
Items are in relation to the 
child’s dental health, in the 
last 6 months 
1) Have you ever 
taken time off 
work? 





3) Has your child 
required more 
attention from you 
or the other 
parent? 
4) Has your sleep 
been disturbed? 
5) Have your normal 
family activities 
been interrupted? 
6) Have you or the 
other parent felt 
guilty? 
7) Have you or the 
other parent felt 
stressed or 
anxious. 
Grouped into two groups; 
not effected or effected 
Important to judge the 
consequence  of oral 
conditions impacting on 
the family due to  
a) the 
central role they play in 
child health 
b) chronic illness 
impacting on the family 
c) the recognition that 
paediatric care needs to 
recognise parental 
needs and concerns  
d)in order to assess if the 
parent’s report on the 
child’s health may be 
subject to bias due to the 
physical and emotional 
burden placed on them 
by the child’s oral health. 
(Locker et al 2002) 
 
 
Validity questionable as 
only seven from the 
original fourteen FIS 
items included in the 
CDHS. 
 
Collating variables into 
not effect and effected 
groups prevents 












The adolescent group 
reported how many times a 
day they usually eat 
a) Fruit 
b) Cakes or biscuits 
c) Sweets (candy or 
chocolate). 
They also reported how 
often they drank 
a) Diet coke or other 
non-sugar drinks 
b) Coke or other soft 
drink or squash 
that contain sugar. 
c) Energy (sports) 
drinks 
d) Water 
e) Fruit juices or 
smoothies 
Child reported frequency of 
consuming items on a 6 
point scale (4 or more times 
a day to rarely or never) 
For the descriptive analysis 
this was grouped into  
a) Eating sugary food 
i) four times a day 
or more 
ii) less than four 
times a day. 
b) Drinking sugary 
drinks 
i)four times a day 
or more 
ii) less than four 
times a day 
For the regression analysis 
this was grouped into 
a) Consuming sugary 
food/drink four 
times a day or 
more 
b)less than four times a 
day 
Well established link 
between frequently 
consuming cariogenic food 
and drink and dental decay 
(Moynihan and Kelly 2014) 
 
Therefore,  needs to be 
included in analysis to 
establish if dentally anxious 
children consume more 
cariogenic items and to 
investigate if  dental anxiety 
still predicts poor oral 
health once the effect of diet 
is taken into account. 
Other, non-obvious 
source of sugar not 
reported on. E.g. tomato 
sauce. 
 





Grouping of variables 
decreases the detail of 
the analysis. 
 
The none reporting of 
dietary habits in the 
younger age groups 
greatly decreases the 
validity of the 
regression analysis for 5 
and 8 year olds as the 
effect of cariogenic food 
cannot be taken into 
account in assessing if 
dental anxiety still 
predicts poor oral health 
once other factors taken 
into account.  
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Table 1 continued 






5 and 8 year old parents 
reported if child brushed 
twice a day or once a day or 
less and over the last year 
their child used  
i) Non electric 
toothbrush 





v) Mouth wash 




viii) Sugar free 
gum 
This was grouped into no or 
yes for the descriptive 
analysis. 
Only the use of a manual 
brush, use of toothpaste and 
use of mouthwash was 
included in the regression 
analysis. 
 
For older age groups, only 
frequency of brushing 
reported on using 6 point 
scale ranging from more 
than 3 times a day to never. 
Grouped according to 
accepted guidelines of 
brushing frequency 
  
Well established link 
between behaviours related 
to oral hygiene and oral 
health (toothbrushing 
frequency for example, 
Kumar 2016). 
 
Therefore, needs to be 
included to see if dental 
anxiety related to more or 
less reported oral health 
related behaviours and 
those deemed as significant 







Parental reporting in 
younger age groups may 
be inaccurate. 
 
Possible bias due to 




Only reports on 
frequency of brushing 
not the timing of 
brushing. I.e. are the  
just brushed in morning 
or evening? 
 
Not possible to state 







These limitations can be broadly grouped into:  
a) Limitations due to parental reporting versus self-reporting. In the younger 
age groups, all the variables related to dental anxiety, oral health associated 
behaviour, and the impact of oral health on family life were recorded by 
proxy parental reports.  In addition, some information gained in the 
adolescent groups was also through parental reporting, such as a previous 
experience of sedation or general anaesthetic to aid dental treatment. Such 
proxy reports may be inaccurate compared to self-reported measures. 
 
b) Limitations due to an assumption of knowledge. Some questions asked via 
the questionnaire assume a level of knowledge that may be unrealistic. For 
example, questions regarding a child’s previous dental experience assume 
that the caregiver can distinguish between their child having local 
anaesthetic, sedation or general anaesthetic. 
 
c)  Limitations due to an assumption of question validity. For example, the 
consumption of sugary food and drink may have been underreported. 12 
and 15 year olds were asked to report on their consumption of obvious 
cariogenic food such as cakes, biscuits and sweets, but other food, such as 
sugary breakfast cereal was not reported on. 
 
 Another example includes the assumption that free school meal eligibility 
is a direct indicator of poor economic status. Children were eligible for free 
school dinners at this time if the parents claimed an income related support 
allowance, unemployment benefits, or due to immigration status. However, 
there is debate about how well this measure correlates with socio-economic 
status with some suggesting the use of free school meals overestimates low 
socio-economic status (Hobbs and Vignoles, 2010). As such, this measure 
may not be a true reflection of deprivation. Equally the use of such a 
measure may introduce bias in the sampling methodology, with children 
outside the lower socio-economic group being overrepresented. 
 
d) Limitations due to grouping of responses. To ensure that there was a 
sufficient sample size to allow analysis some variables were grouped into 
binary groups. For example, the total score of seven questions taken from 
the family impact scale was grouped into two groups; family life not 
affected or affected. Whilst this gave adequate numbers in each group, 
inevitably some of the detail was lost. For example, the child’s oral health 
may have had an impact on just the parent’s emotions (question’s relating 
to the parent feeling guilty, stressed or anxious) or only on the practicalities 
of family life (questions relating to taking time off work, financial pressure, 
sleep disturbance etc.).  
 
The same statement is true of the CHILD-ODIP measure, used to rate the 
impact of oral health on a child’s quality of life. The 12 and 15 year old 
questionnaire asked wide ranging questions such as if the child has had 
difficulty eating, speaking, cleaning their teeth, relaxing and sleeping, 
showing their teeth, doing their schoolwork, enjoying being with people 
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and feeling different due to their oral health. This detail was lost due to the 




3.1.4 Implications of these papers’ findings on the thesis narrative. 
 As stated previously, it was important to establish whether dental anxiety was a 
significant problem for individual children and their families. The results of these 
papers suggest that dental anxiety predicts worse oral health in 5 and 8 year old 
children and has an impact on their family’s quality of life. What one cannot say is 
if dental anxiety led to worse oral health or vice versa. In adolescent children, a 
high level of dental anxiety predicted a negative impact of their oral health on their 
quality of life. Therefore, having established the need to manage and treat dental 
anxiety in children there is a need to explore the potential of ABA, a science 
devoted to interventions based on behavioural psychology. In part 2, the first study 
will look to see what ABA studies have taken place before related to paediatric 
dentistry. This is the first structured review of this type and will provide 
information on “typical” study design, target behaviour and type of intervention 
used. In addition, the results of this review will help establish if ABA is useful for 




Chapter 4 – The oral health of dentally anxious 5 and 8 
year olds: A secondary analysis of the 2013 Child Dental 
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Title  
The impact of dental anxiety on the oral health of children aged 5 and 8 years: A 
regression analysis of the Child Dental Health Survey 2013. 
Abstract 
Introduction. Dental anxiety and fear is widely prevalent in the population, including 
children. This research is a further analysis of the Child Dental Health Survey 2013, to 
explore the impact of dental anxiety on factors relating to oral health 
Aim. To explore the relationship between dental anxiety and oral health and the 
impact dental anxiety has on the quality of family life. 
Design. Regression analysis of data of 4916 children aged 5 years and 8 years who 
participated in the Child Dental Health Survey 2013. 
Setting. National Epidemiological Survey in schools in the UK. 
Materials and Methods. A series of logistic regression analyses was carried out for 
markers of oral health and impact of the child’s oral health on the family’s quality of 
life. The variables entered as predictors in the models included dental anxiety, socio 
demographic status and oral health related behaviours. 
Results. Dental anxiety was associated with poorer oral health on nearly all measures 
(decay experience p =<0.001, active decay p=<0.001, primary tooth being restored 
p=0.010, signs of oral infection p=0.007) and had a greater impact on their family’s 
quality of life (p=<0.001). 
Conclusions. Dentally anxious children have more dental disease and this has a greater 






Dental anxiety, dental fear and the more severe form, dental phobia, in children is well 
documented in the literature,(1) with a reported prevalence of dental fear ranging from 
5.7% to 20.6%, (2) in children and adolescents.  The management of this population 
group represents a sizeable challenge for the profession. However, unlike the adult 
population, (3,4) only a few studies have been completed into the effect dental anxiety 
has on children’s oral health and the impact this has on their families’ day to day life (5). 
Dental fear and anxiety is defined as a feeling of dread and anticipation that something 
will happen, combined with a sense of losing control in relation to dentistry.(17) Dental 
phobia is described as a more severe form that leads to an out of proportion reaction. 
This phobia interferes with daily life.(18) For the purposes of this paper, the single term 
of dental anxiety will be used throughout to describe dental fear, anxiety or phobia. 
Previous research has described the negative effect dental anxiety can have on the oral 
health of children (19,20,21) and the effect it can have on family life. (22). The resultant 
poor oral health can often lead to destressing consequences such as frequent pain 
from untreated dental decay (23) and inevitable tooth removal. (21) 
The data collected from the Child Dental Health Survey 2013(CDHS) presents a unique 
chance to further research the relationship between dental anxiety and factors relating 
to oral health. The CDHS takes place every ten years in the UK and has well established 
methodology and features a large sample size. 
A previous study, by the present authors, performed a secondary analysis on the data 
set (6). This study suggested that children with high levels of dental anxiety were more 
likely to experience dental decay and have had  treatment that carries more risk, such 
as a general anaesthetic. In terms of oral health related behaviour, dentally anxious 
children were more likely to attend irregularly and are less likely to brush their teeth 
twice a day. It was also noted that the dentally anxious child’s oral health seemed to 
impact more on the quality of family life, compared to non-anxious children. 
However, this study didn’t take other variables which are known to predict poor oral 
health into account. For example, numerous studies have linked poor socio-economic 
status with poor oral health (7) and failing to follow a recommended oral hygiene 
regime, brushing twice a day with fluoridated toothpaste, were also not controlled for.   
The aim of this study was to explore the relationship between dental anxiety and oral 





Materials and Methods 
Data source 
Data was gathered from the CDHS 2013. This survey is commissioned by the Health 
and Social Care Information Centre and  occurs every 10 years. The children surveyed 
were 5 years, 8 years, 12 years and 15 years of age. The full methodology of the survey 
can be found in the technical report here: 
https://files.digital.nhs.uk/publicationimport/pub17xxx/pub17137/cdhs2013-
technical-report.pdf. 
For the purpose of this study, data analysis took place on information gathered from 
the 5 year and 8 year old age groups. 
Outcomes 
A number of variables were considered as indicators of oral health status for this 
analysis. 
The first outcome measure was the decayed missing filled index teeth (DMFT). This 
was scored according to the 2003 criteria which states “All teeth with cavitated or 
visual dentine caries, restorations with cavitated or visual dentine caries, teeth with 
filled decay (otherwise sound) and teeth extracted due to caries. Excludes teeth with 
enamel caries present. The term obvious decay experience relates to teeth with 
dentinal cavities, missing teeth and filled teeth in the DMFT dental decay index.”(8) This 
was grouped into no decay experience and decay experience. 
The second indicator of oral health was the presence of active decay. This included 
both cavitated and non cavitated carious lesions and was grouped into two groups; no 
decay present and decay present.  
The third outcome measure was the presence of soft tissue lesions. This was taken as 
an indicator of the clinical consequences of untreated dental caries, where there is a 
visible pulpal lesion, ulceration, fistula or abscess (PUFA index). This variable was 
grouped into a binary value: no PUFA lesion seen vs. any PUFA lesion seen  
Also included as outcome measures were restorations present in primary teeth and 
teeth extracted due to decay. These were again grouped into binary variables: 
restorations present or not present and teeth extracted due to decay or no teeth 
extracted due to decay 
The final outcome variable examined involved the parental report of the impact of the 
child’s oral health on family life. This information was gathered via seven questions 







Predictors of the above outcome measures were divided into socio-demographic 
variables, dental anxiety, and variables concerning oral health related behaviours. 
These variables were chosen following a bivariate descriptive analysis of the CDHS to 
establish factors which may have a relationship with dental anxiety. (6) 
Socio-demographic variables examined included the child’s age (5 years or 8 years old), 
their gender and their socio-economic status. The CDHS 2013 survey used free school 
dinner eligibility as a measure of poor socio-economic status. Children are eligible for 
free school dinners if the parents claim unemployment benefits, an income related 
support allowance or have immigration status. 
In this age groups the CDHS scored dental anxiety via the completion of a visual 
analogue scale (VAS), which was filled in by the parent and asked them to rate their 
child’s dental anxiety, on a scale ranging from 1 (not at all anxious) to 10 (extremely 
anxious). The participants were grouped into 2 categories: VAS scores below the 
median value and VAS scores above the median value. 
The oral health related behaviours were reported by the parent. Included were the 
participant’s frequency of tooth brushing , grouped into children that brushed twice a 
day or more, and children who brushed less than twice a day. Also included were the 
participant’s use of oral hygiene products such as a manual toothbrush, toothpaste 
and mouthwash, grouped into children who used the product and those who did not. 
The participant’s dental attendance patterns were also examined and  grouped into 
children who were only brought to the dentist in pain or when in trouble, and those 
who attended for regular appointments. 
The final predictors looked at additional pharmacological methods such as the use of 
sedation and previous experience of general anaesthetic for dental treatment. These 
were grouped into children with previous experience of these measures and those 
without. 
Analysis 
Using SPSS (version 25) a series of logistic regression analyses was carried out for each 
stated outcome variable. The statistical significance was assessed at the five percent 
level. An odds ratio was also calculated, stated as Exp (B) in the results tables. Cox and 
Snell's R2 calculation was used to establish the coefficient of determination and used 
to summarise the proportion of variance in the dependent variable associated with the 





Data from 4916 participants was analysed, comprising of 2549 5 year olds and 2367 8 
year olds. In terms of gender, the data included, 2435 males and 2481 females. 
Participants’ anxiety scores, reported by their parents, ranged from 1-10 (none to 
extreme anxiety), with a median score of 1 with 1304 (57%) below or equal to the 
median and 985 (43%) above it. 
Oral health status. 
Predictors of previous decay experience, active decay being present and signs of oral 
infection being present are shown in Table 1. 
 
Dental anxiety served as a predictor for the child having decay experience (p < 0.001), 
active decay present (p<0.0001) and signs of untreated oral infection (p= 0.007). In 
addition, eight year old children or children of poor socio-economic status were more 
likely to have previous or current decay and oral infection. In terms of oral health 
related behaviours, children who brushed infrequently, those who did not use 
toothpaste, and children who only attended when in trouble were also more likely to 
have previous or current dental decay. Irregular attendance also predicted oral 
infection being present. A history of being treated with additional pharmacological 
measures (under general anaesthetic or with the aid of sedation) served as a predictor 




Table 1 - Predictors of a child having decay experience. 
 Decay 
experience 
(R2 = 0.094) 
Active decay 
present 
(R2 = 0.065) 




Predictor Binary groups Sig. Exp(B) Sig. Exp(B) Sig. Exp(B) 
Age 5 vs 8 years <0.001 1.259 <0.001 1.169 <0.001 1.442 
Gender Male vs 
Female 




Eligible vs not 
eligible. 










Twice a day or 
more vs once 
a day or less 




in last year 
No vs Yes 0.132 1.265 0.066 1.354 0.280 1.514 
Used 
toothpaste 
in last year 
No vs Yes 0.012 0.469 0.008 0.458 0.745 0.834 
Used 
mouthwash 
in last year 




For check ups 
vs only when 
in 
trouble/never 

















In terms of reported dental treatment received, dentally anxious children are more 
likely to have primary tooth restored (P= 0.010, Table 2), as were 8 year olds, those 
who did not adhere to recommended oral hygiene regimes and those who received 
their dental care under sedation. Dental anxiety was not a significant predictor of 
having a tooth extracted.  Aside from the use of general anaesthetic to aid dental 






Table 2 – Predictors of a primary tooth being restored, and  a tooth extracted due to 
decay. 
 
 Primary tooth restored 
(R2 = 0.050) 
Tooth extracted 
due to decay 
(R2 = 0.028) 
Predictor Binary groups Sig. Exp(B) Sig. Exp(B) 
Age 5 vs 8 years <0.001 1.294 0.566 0.924 
Gender Male vs Female 0.197 0.853 0.913 1.043 
Free school 
meal eligibility. 
Eligible vs not 
eligible. 
0.309 0.843 0.635 0.798 
Dental anxiety  Below average 
vs above 
average 




Twice a day or 
more vs once a 
day or less 
















For check ups vs 
only when in 
trouble/never 











No vs Yes <0.001 2.612 0.539 1.471 
 
 
Impact of child’s oral health on the quality of family life 
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Table 3 shows predictors of the impact of the child’s oral health on the quality of 
family life. As well as dental anxiety (p < 0.001), predictors were an 8 year old child, 
not using toothpaste, infrequently attending the dentist, and the child requiring 
additional pharmacological measures to aid dental treatment (GA and sedation). 
  
Table 3– predictors of the impact of child’s oral health on the quality of family life. 
 
Predictor Binary groups Sig. Exp(B) 
Age 5 vs 8 years 0.002 1.127 
Gender Male vs Female 0.236 1.136 
Free school meal 
eligibility. 
Eligible vs not 
eligible. 
0.401 1.139 





Twice a day or 




toothbrush in last 
year 
No vs Yes 0.516 0.893 
Used toothpaste in 
last year 
No vs Yes 0.005 0.431 
Used mouthwash 
in last year 
No vs Yes 0.571 1.067 
Dental attendance 
of child 
For check ups vs 
only when in 
trouble/never 
0.011 2.091 
Ever had general 
anaesthetic before 
dental treatment 
No vs Yes <0.001 2.599 
Ever had sedation 
before dental 
treatment 
No vs Yes 0.009 1.898 
R2 = 0.069 
 
Discussion  
In these age groups, dental anxiety predicted poorer oral health in measures such as 
decay experience, the presence of active decay and the presence of untreated dental 
infection. The only exceptions were oral health outcomes related to having a 
permanent tooth restored or having teeth extracted due to decay. This exception is 
probably due to the newly erupted permanent teeth having relatively little time 
84 
 
exposed to the oral environment. Higher levels of dental anxiety also predicted that 
the child’s oral health had a greater effect on the quality of family life.  
These findings are in accordance with the broader themes found in the literature 
related to adult populations; people with dental anxiety are more likely to have worse 
oral health that impacts on their quality of life (4). However, there are subtle 
differences that require explanation.  For example, 5 and 8 year old children with 
dental anxiety were not more likely to have had a tooth removed due to decay. This is 
understandable given that the teeth have not been erupted in the mouth for a long 
period of time. Although anxious children are more likely to have untreated decay, it 
has not resulted in pulpitis or pulp necrosis. However, our data analysis suggests 
dental anxiety is related to an increase chance of a child having a soft tissue lesion as a 
result of untreated dental decay (PUFA index). This may be due to the anxious child’s 
caregiver being less likely to present the child for examination and treatment at a 
dental surgery, or the practitioner may have decided to not extract the tooth due to 
likely poor co-operation.  
There is surprisingly scant research in the impact of dental fear on the oral health of 
children and the impact the child’s oral health has on their quality of life and the 
quality of family life. What limited research there is suggests a relationship between 
dental anxiety and poor oral health (11) and has a negative effect on the quality of the 
life of the individual and family (12). 
This study has limitations, most notably in the measures used to assess the child’s 
dental anxiety. As mentioned in our previous study(6), parental reports of the child’s 
dental anxiety are fraught with inaccuracies. These relate to over reporting of a child’s 
anxiety(13), failing to differentiate between “normal” fear of a novel situation, or proper 
dental anxiety (14), or the parent’s report on the child’s anxiety mirroring their own 
anxiety (15). In addition, as opposed to adult dental anxiety measures such as MDAS 
(27,28),a visual analogue scale of dental anxiety has no  validated cut-off to identify 
whether or not an individual is phobic.  
The use of a by proxy VAS scale is therefore not ideal in the measurement of child 
anxiety. However, previous research suggests there is no ideal measure currently in 
use.(16)As such, efforts should centre on the development and validation of an 
adequate dental anxiety measure prior to the  2023 Child Dental Health survey. It 
should also be noted that some of the questions asked in the survey may also lead to 
inaccurate reporting. For example, does the parent understand if the child has 
experienced sedation or a general anaesthetic?  
It is noticeable that in this regression model, deprivation, as scored by free school meal 
eligibility, mirrored dental anxiety in predictors of poor oral health. Both had a 
significant relationship with previous decay experience, the presence of active decay 
and signs of oral infection. This finding would indicate the importance of ensuring 
areas of social deprivation should be able to access dental services to build rapport 
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with the child and parent from an early age, by schemes such as “Baby Teeth Do 
Matter”. (25) 
The family has a central role in a child’s health and any illness is likely to impact on 
family life (8) The results of this analysis suggest a child’s dental anxiety results in a 
detrimental  effect on the quality of family life.  
It can also be hypothesised that this impact on the everyday life of the family will 
affect the treatment planning process, with parents opting for a general anaesthetic. 
This concept does not seem too farfetched, especially when considering poor dental 
attendance is also a significant predictor. A child who is dentally anxious and attends 
infrequently is more likely to have oral infection that effects family life. In such a 
scenario, a parent may be more likely to choose extractions over more complex work. 
Indeed, the parent’s own dental anxiety and beliefs about dentistry may alter their 
decision making. Further work is needed to look at the relationship between the 
quality of family life, the parent’s decision making regarding the child’s treatment, and 
the decision making of the dentist. For example, is the dentist advising treatment that 
is in the best interest of the child or the caregivers?  
Although this regression is modelled on variables found to be of significance in our 
descriptive analysis of dental anxiety (6), it is notable that preventative regimes such as 
infrequent brushing and not using toothpaste are still significant predictors of poor 
oral health and a consequential detrimental effect on family life. Although not related 
to the primary aim of this study, this finding highlights the importance of preventative 
measures and schemes for young children such as “Designed to Smile”. (26) 
This study highlights that children’s dental anxiety, even at aged 5 and 8 years old, is 
linked with clear health problems and there is a clear effect on the family unit. As such 
this study highlights the importance to the profession in preventing dental anxiety, 
even in these age groups, by utilising prophylactic measures such as the use of latent 
inhibition, where previously pleasurable experiences of the dental environment can 
prevent long term anxiety when exposed to a negative experience. This is possible by 
ensuring any trip to the dentist is as rewarding as possible. 
Equally this study stresses the importance of attempting to resolve dental anxiety 
when it presents in the child, even at a young age. Although radical treatment such as 
the use of general anaesthetic can improve a child’s quality of life, it does little to 
resolve dental fear (24). Simple behavioural management techniques such as positive 
reinforcement of desirable behaviour may help resolve dental anxiety before it 
impacts on an individual and their family. Although challenging to the dental team, 
dental anxiety and other associated factors related to poor oral health should be 
viewed by the profession as an opportunity to re-engage with the individual and their 
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Abstract 
Introduction. Dental phobia has been widely studied but there is limited research on the effect 
of dental phobia on oral health. This research is an analysis of the 2013 Child Dental Health 
Survey, to explore the impact of dental anxiety on factors relating to oral health in the 
adolescents. 
Aim. To examine if dental anxiety predicts poor oral health in 12 and 15 year olds. 
Design. Regression analysis of data from 4950 children aged 12 years and 15 years who 
participated in the Child Dental Health Survey 2013. 
Setting. National epidemiological survey of UK schools. 
Materials and Methods. A series of logistic regression was carried out to examine if dental 
anxiety, socio demographic factors and oral health related behaviour could predict for oral 
health status, the impact of the child’s oral health on their own quality of life and the impact of 
their oral health on the family’s quality of life. Additional outcomes examined were self-
perceived dental health and general health.  
Results. Dental anxiety was not a predictor of poor oral health but did predict a greater impact 
of the child’s oral health on everyday life. Adolescents with dental anxiety had negative 
thoughts regarding their dental and general health. 








Dental anxiety is wide spread, with a reported prevalence ranging from 5.7% to 20.6%. (1,2) 
Unlike the adult population, (3,4) there is little research into the effect dental anxiety has on 
children’s oral health or the impact  on their daily life. Dental phobia, is a more severe form of 
dental anxiety and classed according to the Diagnostic and Statistical Manual of Mental 
Disorders 5th Edition as “(i) a severe and out of proportion fear within a certain context to the 
presence or anticipation of a specific object or situation, (ii) the subject becomes immediately 
anxious following exposure to the stimuli. This may take the form of a situationally bound or 
situationally predisposed panic attack, (iii) the person is able to understand that the reaction is 
out of proportion, (iv) the subject avoids the situation or endures it with intense distress. (v) 
the subject’s reaction to the fearful stimulus interferes significantly with the person's everyday 
life.”(5) 
There is a evidence to suggest that individuals with dental phobia suffer from worse health 
than non- phobics. Epidemiological studies demonstrate a relationship between poor health 
and dental phobia, (8,) although this is not as marked as in clinical studies. (6,7,).  A recent 
regression analysis of the adult dental health survey from the UK, showed a significant 
relationship between poor oral health and dental phobia. (4) Studies in adults suggest that 
dental phobics often perceive their oral health to be worse than non-phobics. (9,10) However, 
these subjective measures are often inaccurate, with individuals often over rating their dental 
need.(11) This may be due to the anxious participant’s negative cognitions. 
The psychological impact of poor oral health on daily life has been suggested in other studies 
including our own simple descriptive analysis of UK epidemiological data (12) This has been 
noted previously in the adult population, with dental phobics reporting an effect on their 
emotional reactions, daily life and socialising.(12) Small-scale studies also suggest that dentally 
anxious children’s quality of life suffers as a result of their oral health.(14) 
Our previous descriptive analysis (in press) highlighted that dentally phobic children were 
more likely to have dental disease, and their oral health impacted on their quality of life. (15) 
However, this study failed to control for variables which are known to predict poor oral health. 
For example, the intake of cariogenic food, socio-economic status, and use of fluoride 
toothpaste. The aim of this study was therefore to conduct a regression analysis to examine if 
dental phobia was a predictor of poor oral health and the impact the child’s oral health-on 
their quality of life.  
Materials and Methods 
Data source 
Data was gathered from the CDHS 2013. This epidemiological survey occurs every 10 years in 
the UK, with children aged 5 years, 8 years, 12 years and 15 years surveyed. The full 
methodology of the survey can be found in the technical report here: 
https://files.digital.nhs.uk/publicationimport/pub17xxx/pub17137/cdhs2013-technical-
report.pdf. 





Indicators of oral health status included the decayed, missing and filled teeth index (DMFT), 
the presence of active decay, previous treatment received and the presence of untreated 
infection. 
The DMFT index was scored to the 2003 criteria which states “All teeth with cavitated or visual 
dentine caries, restorations with cavitated or visual dentine caries, teeth with filled decay 
(otherwise sound) and teeth extracted due to caries. Excludes teeth with enamel caries 
present. The term obvious decay experience relates to teeth with dentinal cavities, missing 
teeth and filled teeth in the DMFT dental decay index.”(16) This was grouped into no decay 
experience and decay experience. 
Active decay scoring included both cavitated and non cavitated carious lesions and grouped 
into two groups; no decay present and decay present. Other outcomes grouped into present 
and not present were restorations in permanent teeth, teeth extracted due to decay and signs 
of ulceration, fistula or abscess (PUFA). This PUFA index was used as an indicator of the clinical 
consequences of untreated dental caries. 
Also included in the analysis were the participant’s report of their oral health related quality of 
life which utilising the Child Oral Impacts on Daily Performances,(17) which has been validated 
for use in the UK. This measured the effect of oral health on eight aspects of daily life over the 
past three months, including problems eating; problems speaking; problems cleaning teeth; 
not being able to relax; feeling different; embarrassment smiling or laughing; trouble 
completing schoolwork; and difficulty appreciating being with people. These were grouped 
into two groups; not affected and affected. 
The child’s self-rated dental health and self-rated general health was also analysed. This was 
scored on a scale of one to five rating and the variable was divided into two groups; very 
good/good and fair/worse 
The final outcome measure was the parent’s report of the impact of child’s oral health on 




The predictors used were classified as socio-demographic, self rated dental anxiety, and oral 
health related behaviours. 
Socio-demographic predictors where the participants age (grouped into12 years or 15 years 
old), participant’s gender, and the socio-economic status of participant by utilizing free school 
dinner eligibility as a measure of poor socio-economic status. Children were eligible for free 
school dinners if the parents claim an income related support allowance, unemployment 
benefits, or due to immigration status. 
The participant’s self rated score for dental anxiety was grouped into non-phobic and phobic 
groups using the Modified Dental Anxiety Scale (MDAS). This scale asked the participants to 
score how they felt in different scenarios on a five point scale. For example, having a local 
anaesthetic. Scores were then summed. Based on previous studies, participants with a total of 
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19 or above were ranked as phobic (n= 601) while scores below were ranked as non-phobic (n 
= 4144). 
Predictors related to oral health related behaviours included the participant’s frequency of 
tooth brushing, as reported by the participant were grouped into those that brushed twice a 
day or more, and those who brushed less than twice a day. 
Also included were the participant’s use of oral hygiene products such as manual toothbrush 
and mouthwash and their use of toothpaste in the last year. as reported by the parent. This 
was grouped into those who used the product and those who did not. 
The self-reported dental attendance patterns were grouped into participants who were only 
brought to the dentist in pain or when in trouble, and those who attended for regular 
appointments.  
Predictors incorporating additional pharmacological measures to aid treatment included 
previous experience of general anaesthetic and previous experience of sedation, grouped into 
children who had experienced these measures and those who had not. This data was gathered 
from parental reporting. 
The intake of cariogenic food and drink was also used as a predicitor. This was grouped into 
those who consumed sugary food and drink more than four times daily and those who did not. 
Analysis 
A logistic regression was carried out for each stated outcome variable using SPSS (version 25). 
This type of regression was deemed appropriate as the dependent variable is dichotomous 
(binary). The statistical significance was assessed at the 5% level. An odds ratio was also 
calculated, stated as Exp (B) in the results tables. To establish the coefficient of determination, 
Cox and Snell's R2 calculation was used  to summarise the proportion of variance in the 
dependent variable associated with the predictor (independent) variables. 
Results 
Data from  4950 participant’s data was analysed, compromising of 2532 12 year olds and 2418 
15 year olds. In terms of gender, the data included, 2377 males and 2573 females. Participants 
were grouped into a non-phobic group (4144, 87.3%) and a phobic group (601, 12.1%).  
Oral health status. 
Table 1 shows predictors of children who have had previous decay (decay experience), active 
decay and for signs of a dental infection (PUFA). 
Dental anxiety was not a significant predictor for previous dental decay. (p-=0.925). Children of  
lower socio-economic status were more likely to have experienced dental decay. In addition, 
children who had experienced decay were less likely to brush twice daily, did not use 
toothpaste in the last year and routinely had used a manual toothbrush. They were also more 
likely to have experienced pharmacological measures to aid dental treatment 
(sedation/general anaesthetic).  
Dental anxiety was not a predictor for active decay (p=0.612). Variables deemed as significant 
were social deprivation and brushing infrequently. Having had a general anaesthetic for dental 
treatment predicted for active decay being present. Dental anxiety did not predict the 




Table 1 – predictors for previous decay experience, active decay present, and signs of 
untreated dental infection. 
 






Signs of untreated 
dental infection 
(R2 = 0.016) 
Predictor Binary 
groups 
Sig. Exp(B) Sig Exp(B) Sig Exp(B) 
Age 12 vs 15 
years 
<0.001 1.189 0.272 0.956 0.003 0.537 
Gender Male vs 
Female 










in last year 
No v Yes 0.024 1.431 0.702 1.074 0.600 1.481 
Used 
toothpaste 
in last year. 
No vs Yes 0.033 0.566 0.051 0.572 0.997 19480190.265 
Used 
mouthwash 
in last year 























Signs of untreated 
dental infection 
(R2 = 0.016) 
Predictor Binary 
groups 











more in a 
day 




Twice a day 
or more vs 
Once a day or 
less 










0.871 1.032 0.084 1.423 0.688 1.304 
 
Table 2 shows predictors for a child having had a restoration placed in a permanent molar and 
having had a tooth extracted due to decay. 
Again, dental anxiety was not a significant predictor(p=0.397). Female , 15 year old participants 
who were eligible for free school meals were more likely to have had a tooth filled. 
Adolescents were more likely to have teeth filled if they had experienced sedation or a general 
anaesthetic for dental treatment.  
Dental anxiety was not a predictor of an individual having a tooth extracted due to decay 
(p=0.316). The analysis suggests that this was more likely to occur if the child is 15 years and 




Table 2 – predictors of a restoration being placed in a permanent molar and tooth extraction 
due to decay. 
 
 Restoration being placed 
in a permanent molar 
(R2 = 0.087) 
Tooth extracted 
due to decay 
(R2 = -0.056) 
Predictor Binary groups Sig. Exp(B) Sig Exp(B) 
Age 12 vs 15 years <0.001 1.384 <0.001 1.384 
Gender Male vs 
Female 
0.022 1.315 0.022 1.315 
Free school 
meal eligibility. 
Eligible vs not 
eligible. 























No vs Yes <0.001 1.872 <0.001 1.872 
Dental anxiety 
levels 
Non phobic vs 
phobic 
0.397 0.850 0.397 0.850 
Eats sugary 
food and 
drinks 4 times 
or more in a 
day 
Yes vs No 0.452 1.093 0.452 1.093 
Frequency of 
brushing teeth 
Twice a day or 
more vs Once 
a day or less 













Impact of the adolescent’s self-rated oral health on their quality of life and effect on quality 
of family life 
Dental anxiety served as a significant predictor for the child’s oral health effecting their quality 
of life (p=0.020). Table 3 shows other significant predictors were children who brushed 
infrequently, attended infrequently, and who had received sedation for dental treatment 
before.  
In contrast to the negative effect dental anxiety has on an individual’s quality of life, dental 
anxiety does not seem to impact on the quality of family life, as reported by the parent 
(p=0.981).. Variables which were deemed significant were using mouthwash, not attending 
frequently, consuming cariogenic food and drink frequently and attending for a general 





Table 3– predictors of the child’s oral health impacting on their quality of life. 
 Child’s oral health 
impacting on their quality 
of life 
(R2 = 0.026) 
Child’s oral health 
impacting on family 
quality of life 
(R2 = 0.035) 
Predictor Binary groups Sig. Exp(B) Sig Exp(B) 
Age 12 vs 15 years 0.156 0.942 0.813 1.009 
Gender Male vs 
Female 
0.156 1.202 0.658 1.052 
Free school 
meal eligibility. 
Eligible vs not 
eligible. 























No vs Yes 0.014 1.477 <0.001 2.005 
Dental anxiety 
levels 
Non phobic vs 
phobic 
0.020 1.554 0.746 1.060 
Eats sugary 
food and 
drinks 4 times 
or more in a 
day 
Yes vs No 0.673 0.947 0.017 0.759 
Frequency of 
brushing teeth 
Twice a day or 
more vs Once 
a day or less 














Predictors of self-rated dental health and general health. 
Table 4 shows predictors of self-perceived dental  and general health,. Dental anxiety was a 
significant predictor of poor self-rated dental health(p=0.012). Lower ratings were associated 
with being younger, being male, and infrequently brushing teeth. Adolescents attending 
infrequently were three times more likely to report poor dental health.  
Dentally anxious children were nearly twice as likely to rate themselves as having poor general 




Table 4 – predictors of self-rated poor dental health and general health. 
 Self rated poor dental 
health 
(R2=0.078) 
Self rated poor 
general health 
(R2 = 0.031) 
Predictor Binary groups Sig. Exp(B) Sig Exp(B) 
Age 12 vs 15 years 0.015 0.902 0.433 0.957 
Gender Male vs 
Female 
<0.001 0.620 0.676 0.929 
Free school 
meal eligibility. 
Eligible vs not 
eligible. 























No vs Yes 0.155 1.265 0.855 1.042 
Dental anxiety 
levels 
Non phobic vs 
phobic 
0.012 1.629 0.004 1.975 
Eats sugary 
food and 
drinks 4 times 
or more in a 
day 
Yes vs No 0.888 0.982 0.687 0.932 
Frequency of 
brushing teeth 
Twice a day or 
more vs Once 
a day or less 
















This analysis shows that higher levels of reported dental anxiety predicted that the oral health 
of the child impacted on their quality of life and predicted lower self-perceived dental health 
and general health. Dental anxiety did not predict poorer oral health on any of the variables 
measured here. 
This study does have limitations, most notably related to the MDAS measure used to rate 
dental anxiety levels. This measure is well supported for use with adults but has not been 
validated on children and adolescents. In particular, the threshold value of 19 or above which 
is used to classify an individual as phobic has only been validated in the adult population (18,19).  
Epidemiological surveys often tend to underreport the true effect of dental anxiety on oral 
health compared to clinical studies.(20) The CDHS required positive consent from individuals 
and their caregivers to participate. Therefore, participants may not have consented to take 
part in this dental survey if they suffered with extreme dental anxiety, which led to data not 
being captured from this group. 
In some areas, the results confirm the literature regarding children in other cultures (14) and in 
adult population. i.e. dental phobics state that their oral health impacts their daily life, 
affecting their function and social interactions. In addition, the relationship between dental 
anxiety and lower self perceived dental health shown here, echoes the findings in the 
literature on the adult population. (11) As per the adult population, the socio-economic status 
of these adolescents also predicts the oral health status, with poorer children suffering from 
worse oral health.  
The findings of this study, in relation to dental anxiety and oral health, contrast with previous 
studies in adult populations, which suggests poor oral health is associated with dental anxiety 
and phobia. This has been demonstrated in a wide range of studies. No measures of oral 
health analysed here demonstrated this relationship and also contrasts with  similar studies in 
the paediatric population (26,2). Indeed, the findings of this regression analysis, with regards to 
oral health, contradict our own results from the secondary analysis of the data. (12) This 
highlights the importance of this regression analysis, where the effects of known predictors of 
poor oral health, like socio-economic status, are mediated. 
Possible explanations for this finding may be  
1) there has been insufficient time for the manifestations of dental phobia, such as 
avoiding the dentist, to show. Signs of poor oral health such as dental caries and 
infection associated with teeth occur over a relatively long period of time 
2) Parent’s and caregivers are, to a large extent, in control of their children’s access to 
dental care. While there is qualitative evidence that suggests dentally anxious children 
place considerable pressure on their parents to not take them to the dentist (27),  we 
may not see the vastly different attendance patterns of phobic and non phobic 
population groups compared to adults.  
3) As mentioned previously, the likely selection bias of an epidemiological study requiring 
positive consent may lead to an under reporting of dental phobia and poor oral health. 
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The dissonance between an individual’s actual oral health and perceived dental health is in 
keeping with the negative thoughts, feelings and resultant physical symptoms of dentally 
anxious children found in qualitative research. (27). 
The overall picture this research paints is that dentally phobic children’s everyday life is 
impacted by their perception of poor dental health. This may well lead to actual poor oral 
health in adulthood. The “Vicious cycle model “is well supported, with an individual’s fear and 
anxiety leading to avoidance of dental treatment, leading to poor oral health, leading to 
feelings of shame and embarrassment. This continues in a downwards spiral. (6) The results 
shown here demonstrate the start of this cycle, where perceived poor dental health is leading 
to a negative impact on self-esteem (21,22).  
As such, this study shows the importance of interventions to treat dental anxiety prior to the 
detrimental effect this causes on oral health in adulthood. Interventions can vary from simple 
techniques such as habituation via “tell-show-do”, enhancing perceived control via stop signals 
and positive reinforcement of desirable behaviour (23). For more severe cases of dental phobia, 
cognitive behavioural therapy  has a good evidence base in the adult population and has 
increasing scientific support for its utilization with children (24, 25) 
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Part 2 –The potential of ABA to help manage the 
behaviour of the paediatric dental patient. 
Chapter 8  A review of the use of applied behavioural 
analysis related to paediatric dentistry 
 Reprint of  publication in the Journal of Disability and Oral Health 
Authors J.D Coxon, M.T.Hosey and J.T. Newton 
8.1 Supplementary information 
8.1.1Overview of the chapter 
As stated in the previous chapter’s supplementary information, having established 
that dental anxiety is a significant problem for children and adolescents in the 
population of England, Wales and Northern Ireland, one can now look to see if ABA 
has the potential to help in its management and resolution in the dental 
environment. 
As there has never been a review of studies involving ABA and paediatric dentistry, 
the first step was to conduct a structured review on the topic. This was completed 
and published in the Journal of Disability and Oral Health in June 2019.  
8.1.2Detailed methodology 
Although the methodology is outlined in brief in the following paper, there is a 
need to expand on certain areas to allow replication in the future. The terms used 
in the electronic searches were agreed between Prof Tim Newton and myself to 
ensure that any literature that may have utilised ABA was likely to be included. 
Following these electronic searches papers not relating to paediatric dentistry (i.e. 
participants aged over the age of 16 years) were excluded. Papers were identified 
for inclusion following an independent review by Prof Newton and myself. There 
was no disagreement on what article should be included.  
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8.1.3 Findings of the literature review. 
The total number of studies found in this structured review appeared to be low in 
number considering  
a) A number of behavioural interventions being advocated by BSPD and AAPD 
to manage paediatric patients in the dental chair. 
b)  The range of studies relating to paediatric health care (section 1.4.3). 
As in keeping with ABA methodology, most studies were single subject or 
consisted of a very small group. The participants were mostly under the age of 9, 
suggesting that ABA interventions may have a particular relevance to children who 
have yet to reach a particular stage of cognitive development. 
All studies were conducted in the USA with the exception of Sanders and Jones’ 
(1990) study in the management of anxiety associated with injections and Van 
Houten and Rolider’s (1984) study on response prevention and nocturnal 
thumbsucking. Despite all the studies emanating from Western cultures similar to 
the UK, it is disappointing that no studies emanated from this country. 
Although not included with in the following article, these papers were critiqued by 
making use of the “Evaluative Method”, an assessment tool developed for use with 
single-subject experimental designs (Reichow et al 2008).  This device uses quality 
indicators such as the ability to replicate methodology, results that can 
demonstrate experimental control, and an assessment of the studies’ social 
validity. The results of this assessment are then entered into a formula that allows 
the study to be characterised as strong, moderate or weak.   
The results of this critique are shown in table form in Appendix A. Overall, the 
majority of studies are rated as of ‘adequate’ quality with the most common 
shortcomings being the lack of blinding of outcome raters and the testing of the 
fidelity of the intervention. This probably reflects the very applied nature of the 
studies which seek to test interventions based in the environment which the 
behaviour occurs and are closely tied to clinical practice. In addition, in studies 
relating to disruptive behaviour in the dental chair, the dependent variable was 
not generally stable, either in the baseline phase or after the intervention was 
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introduced.  This is likely to be due to some of the treatments (for example, 
injections) being more challenging than others. As such, many studies also 
reported an average dependent variable figure for baseline and intervention 
phases. 
 The majority of the studies described their methodology in a detailed manner to 
allow replication and were able to demonstrate experimental control. Most studies 
paid attention to the social validity of the outcomes, suggesting an attention to the 
value of the goals which the intervention sought to achieve. 
8.1.4 Limitations of the literature review 
This structured review does have limitations. It was notable when reviewing the 
papers chosen for inclusion that there were some referenced papers that would 
have been suitable for inclusion but published prior to the cut off date of 1984.  A 
future review should consider the inclusion of papers from an earlier date if they 
are deemed relevant to the topic. 
The exclusion of papers not presented in the English language may have also led to 
a narrowing of available studies in what already was a narrow field. However, this 
was not deemed to be a major limitation as this thesis was concerned about the 
possible use of ABA in the UK, so it made sense to only include studies which took 
place in cultures vaguely similar to the UK. 
A future review should consider the inclusion of papers that are relevant to the 
challenges faced by the paediatric dental profession, although not labelled as 
paediatric dentistry.  There are many areas of interest that may aid the oral health 
of children, such as ABA studies into dietary preference, behaviours related to 
good health and the keeping of appointments. 
8.1.5 The place of this paper in the thesis narrative. 
This literature review has demonstrated that although only numbering 19 papers, 
ABA has been utilised to resolve some undesired behaviours that are detrimental 
to oral health. This includes a number of studies that looked at interventions 
aiming to resolve the uncooperative behaviour of young patients undergoing 
dental treatment.  
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In some areas the quality of the studies could be improved. A number of papers 
used methodology that was not capable of establishing if there was a functional 
relationship between the dependent and independent variable. For example, the A-
B study design of McMullen et al (2017). 
 Although present in the studies related to bruxism and digit sucking, the other 
papers did not utilise a functional analysis to establish what stimulus is likely to be 
maintaining the undesired behaviour. A functional analysis is highly recommended 
by many ABA authorities to allow a more targeted choice of intervention (Horner 
1994).  
When one reviews the interventions named in the review article and compares 
them to the guidelines listed by British and American paediatric dental bodies 
there are some clear omissions and indicate some areas that are ready for research 
in the future. These include interventions based on habituation (for example, tell-
show-do and  systematic desensitisation) and access to social reinforcement 
dependent on behaviour (parental presence). With regards to uncooperative 
behaviour in the dental chair, no studies named examined the use of positive 
punishment or negative reinforcement, as utilised in voice control and hand over 
mouth technique. However, the use of interventions such as these are 




































Chapter 9 - Knowledge of behavioural management 
principles amongst specialist paediatric dental 
practitioners in the United Kingdom 
Authors J.D. Coxon, M.T. Hosey and J.T. Newton 
Published in Behavioural and Cognitive Psychotherapy 2017 
9.1 Supplementary information 
9.1.1 Overview of the chapter. 
The previous chapter’s published literature review has highlighted areas were ABA 
has been used in the past with regards to paediatric dentistry. This literature 
review has also shown areas were further research is needed in the future. For 
example, the use of a functional analysis for uncooperative behaviour in the dental 
chair and  further research into interventions such as positive reinforcement for 
desirable behaviour.  
However, the potential use of ABA in paediatric dentistry assumes that the 
profession has the prerequisite knowledge of behavioural psychology to fully 
implement ABA methods and principles. Except for one study which looked at the 
level of knowledge of behavioural principles among specialists in special care 
dentistry in the UK (Humza Bin Saeed 2012), there is no previous research on this 
topic. 
Therefore, the following article describes our research examining specialist 
paediatric dentists’ knowledge on principles of behavioural psychology. Their 




This research only looked at the specialist paediatric dentists in the United 
Kingdom. Therefore, the study’s findings can only be related to that geographic 
area and group of practitioners in the dental profession. Further research should 
be conducted in other countries to see if the results of this study generalise to 
other areas. In addition, the knowledge of other dental professionals involved in 
paediatric dental care should also be assessed. 
The assessment tool used, the Knowledge of Behavioural Principles as Applied to 
Children (KBPAC), may be perceived as dated, being constructed by O’Dell et al in 
1979. However, it is the only validated tool of this type available. The methodology 
used in fabricating the original KBPAC was particularly impressive, making use of a 
broad range of opinions and was extensively piloted on different population 
groups. It was also validated for use in the UK (Sturmey et  al 1987). There are 
other assessment tools available, such as the one utilised by Luiselli et al (2010) , 
but were fairy ad hoc measures, which lack validation. 
The use of the shortened version of KBPAC in our survey may have resulted in 
fewer questions on certain concepts compared to the original version of KBPAC. 
However, principles related to interventions recommended  by BSPD and AAPD, 
such as  positive reinforcement, are included within the shortened series of 
questions. 
The main limitation of this study is that it only tests the participant’s background 
knowledge of the subject. This limitation is stated by both O’Dell et al (1979) when 
he drew up the assessment tool and by Sturmey et al (1987) when he validated the 
questionnaire’s use in the UK. Clearly, the next step for research in this topic would 
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be an observational study to see if practitioners demonstrate an effective use of 






























Chapter 10- What reward does a child prefer for behaving 
well at the dentist? 
Authors J.D. Coxon, M.T. Hosey and J.T. Newton 
Published BDJ Open 
10.1 Supplementary information. 
10.1.1 Introduction 
The previous chapters have established  
i) the importance of attempting to manage and resolve dental anxiety. 
 
ii) what ABA research that has already been conducted related to 
paediatric dentistry and areas were research is needed in the future. 
 
 
iii) the professions readiness to make effective use of principles of 
behavioural psychology to aid the anxious child’s care.   
 
This final published article describes a simple study which looked to challenge 
an established practice in dental practice in the UK; that stickers are a salient 
reward for young children attending dental treatment. 
Positive reinforcement is listed in both the recommended non-pharmacological 
behavioural management techniques of the AAPD and BSPD. However, positive 
reinforcement is unlikely to be effective unless the child is motivated to gain 
the reinforcer. Despite this principle being widely accepted (for example, Shultz 
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2015), no previous study has looked at what a child desires as a reward for 
attending a dental practice for treatment. 
10.1.2 Methodology. 
Although the methodology is listed in brief in the article, some more detail is 
needed to enable possible replication in the future. 
Firstly, the age grouping (4-5 years old, 6-7 years old and 8 years) and the list 
of suitable rewards were chosen through consultation with a group of parents 
and children in the South Wales Valleys area. Through this discussion it was 
deemed advisable to group the children into the different age groups to allow 
them to choose slightly different rewards. The parents and children both stated 
that this was necessary due to changing preferences with age. For example, a 4 
year old is unlikely to prefer the same item as an 8 year old. 
Participants were deemed suitable for inclusion were children attending the 
clinic for a dental examination or dental treatment, aged between 4 to 8 years, 
male or female and able to follow the instructions given by the researcher. 
Participants outside this age range and not able to follow instructions were 
excluded from the study. 
The sample size was selected following consultation with the co-authors and 
the KCL statistics department. Every subject meeting the criteria of inclusion 
were selected until the required sample size was achieved. This consecutive 
sampling technique was chosen to control for sampling bias.  
Once parental consent and child assent was obtained, the child was shown the 
possible rewards pinned to a large board. The child was asked to choose which 
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one they desired most for coming to the dentist. The parent was independently 
asked to guess which reward the child would choose. On the way out of the 
surgery, the child was given the chosen reward. 
10.1.3 Limitations 
This study took place in a general practice setting in the Welsh Valleys; an area 
of high deprivation. It is feasible that the results of this study would not 
generalise to other areas of different socio-economic status or culture. For 
example, this study found no association between the monetary value of a 
reward and how frequently it was chosen. This may differ with a group of 
children from a more affluent setting.  
This study does not demonstrate that the child is more likely to co-operate for 
dental treatment when offered a salient reward. Although reward salience has 
been demonstrated to alter the efficacy of interventions based on positive 
reinforcement in other studies (for example, Mason et al 1989), there is clearly 
a need to demonstrate that this is true in the dental setting. An ABA type, 
multiple baseline study would appear to be ideal for investigating this in single 
subjects or small groups. The dependent variable investigated could be a rating 
of co-operation, such as the Anxious and Disruptive Behaviour Code (Stark 
1989). A simpler measure would be the time it takes for a child to reach the 
dental chair from the waiting room, as utilised by Peretz and Gluck (2005) in 
their “Magic Trick” study.   
In addition, the beneficial side-effects of reinforcement were not investigated in 
this study. Although not reported on, it was noticeable that many of the 
participants appeared happier to attend our surgery on subsequent visits and 
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seemed to cope better with even demanding treatment, such as extractions. 
Such a finding would be in keeping with latent inhibition theories, which 
suggest that a previous pleasant experience can immunise an individual to 
anxiety following an averse event. 
The study described in the article below did not ask the child or parent to rate 
the acceptability of using positive reinforcement as an intervention to gain co-
operation, although it was notable that no parent or child refused to consent to 
take part. This may not be true if the study was repeated in different cultures 
















Chapter 11 Discussion 
This chapter provides an overview and discussion of the results of studies 
conducted as part of the thesis and how the implications of the findings for 
paediatric dentistry and dental care in the future.  
11.1 The thesis findings in relation to the stated objectives. 
This thesis sought to examine the potential of ABA to help manage and resolve the 
challenging behaviour of dentally anxious children. 
The first part of this thesis aimed to assess if dental anxiety was a socially 
significant problem for children and their family. This was investigated by studying 
the impact of dental anxiety on children’s oral health in the UK population at the 
age of 5, 8, 12 and 15 years via an analysis of data collected from the Child Dental 
Health Survey 2013. The results indicate that dentally anxious younger children 
(aged 5 and 8 years) had worse oral health than non-anxious children, and their 
oral health had a significant impact on their family’s quality of life. Anxious 
adolescent children (aged 12 and 15 years) reported that their self-perceived poor 
oral health significantly affected their everyday life. These results suggest that 
children’s dental anxiety in the UK population is a significant problem that the 
profession should attempt to manage and resolve. 
The second part of this thesis concentrates on the potential of ABA to aid this 
group of dentally anxious children. To this end, a structured review was conducted 
of published literature which had adopted ABA methodology in this field. The 
review highlighted that in these papers ABA methodology had been used, in the 
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main, on children under the age of 9 years, mostly in the USA. The 19 studies 
included in this review had demonstrated the use of interventions such as negative 
reinforcement and operant extinction to help children cope with dental treatment.   
Measures such as response prevention had been utilised to decrease digit sucking 
and interventions based on punishment had been used to decrease bruxism.  Some 
studies were deemed of low quality, mainly due to methodology issues which 
prevented one from drawing conclusions about the relationship between a 
behaviour and an intervention. Despite being heavily advocated, no studies related 
to disruptive behaviour used a functional assessment prior to the intervention 
phase. Future studies in this field should aim to include a functional analysis. The 
lack of studies investigating interventions, such as systematic desensitisation to 
dental treatment (Gomes et al 2018), give suggestions of were research can be 
conducted in the future.  
For these behavioural interventions to be implemented effectively the profession 
should have a prerequisite knowledge of behavioural psychology. Our study looked 
to establish the level of knowledge of the principles of ABA among specialist 
paediatric dentists in the UK. On average this was deemed to be poor. This result 
indicates that individuals tasked with providing care for challenging paediatric 
patients should receive adequate training. This will help ensure they fully 
understand how to implement techniques such as positive reinforcement 
effectively.  
The final part of this thesis was an ABA study to explore reward choice in dental 
settings. Reward salience is directly linked to motivation, which dramatically 
impacts on behaviour change. As stickers are almost universally judged by dental 
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teams as the reward of choice, this research examined the relative value of stickers 
to other rewards for children when attending the dentist. The results suggest that 
stickers were not children’s reward of choice and they should be offered a wide 
range of possible rewards to ensure they are optimally motivated to co-operate. 
    
11.2 Limitations of research and need for further studies   
11.2.1 Dental anxiety in children. 
The analysis of the Child Dental Health Survey made use of a well designed survey 
with a well-developed sampling method. However, as mentioned in the 
supplementary information to part 1 and the discussion sections of the related 
papers, interpretation of the results must be tempered by recognising the 
drawbacks of the CDHS design methodology and the measures used to score dental 
anxiety.  
The CDHS sampling protocol was not designed to reflect the true level of dental 
anxiety in the population. For example, epidemiological surveys  requiring positive 
consent is likely to lead to underreporting of dental anxiety due to non-
participation. In addition, the CDHS actively looked to over recruit in areas of social 
deprivation and did not seek to correct for the effect of culture on dental anxiety.  
As outlined in detail in the supplementary information, some of the variables 
utilised were also prone to misinterpretation by the parent or adolescent. The 




With regards to reported dental anxiety, in the younger age groups (5 and 8 year 
olds), the parent scored the child’s dental anxiety. Such by proxy measures are 
often said to lack validity. Parental dental anxiety may be reflected in the 
assessment of the child, or the parent may be unable to distinguish if the child is 
anxious in the dental environment or just showing natural anxiety of a novel 
stimuli.  
However, there appears to be no clear solution to this fundamental problem. It has 
been reported that children under the age of eight often give inaccurate self-
reporting of anxiety (Porritt et al 2013). However, further questions in the parent’s 
questionnaire in the Child Dental Health Survey may show if there is a relationship 
between the parent’s anxiety and the by proxy report of the child’s dental anxiety. 
In the older age groups (12 and 15 year olds) the chosen self reported measure 
(MDAS) has some benefits, but also has notable drawbacks.  It has high reliability 
with clear boundaries for non-phobics and phobics. However, this measure was 
developed for adults and the language used may be inappropriate for children. It 
has no reported validity with child participants, and there is no assessment of 
unhelpful thoughts or behaviours that may lead to further dental anxiety. Although 
this research was bound by the measure already used, a change to a more robust 
dental anxiety measure may further validate the findings of this research. A dental 
anxiety measure for children would ideally be short in length to aid quick 
completion, be suitable for a wide range of ages, explore a participants reaction to 
a wide variety of stimuli, and be developed with children to ensure age 
appropriateness. It should have demonstrated reliability and a clear cut off 
between phobic and non phobic. As no such measure exists at present, the 
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immediate aim of research prior to the Child Dental Survey 2023 would be to 
develop dental anxiety measures along the lines of the criteria before mentioned. 
The Children’s Experience of Dental Anxiety Measure (CEDAM, Porritt et al 2018) 
is a reliable and valid measure which is relatively brief and appears to overcome 
the limitations of previous assessment measures, as such it may fill this need. 
Our research suggests that a child’s dental anxiety has a negative effect on 
everyday family life. What is not clear is if this influences the choice of dental 
treatment for the child, to an approach that is less demanding of the child, but 
possibly more invasive and carrying greater risk. For example, the choice of 
extraction under general anaesthetic compared to pulp therapy and stainless steel 
crowns. A child’s treatment is chosen by the parent, often at the suggestion of the 
dentist.  Further research should look at the effect of a child’s dental anxiety on a 
parent’s choice of treatment, or the treatment advocated by the dentist. 
The effect of dental anxiety on quality of life in adolescents is demonstrated in both 
the descriptive analysis and the regression analysis. Our paper suggests that these 
feelings of shame and embarrassment may lead to a future avoidance of dental 
care leading to a downwards spiral in oral health.  Future research should examine 
the relationship of dental anxiety in children and if this leads to poor oral health in 
adulthood. 
11.2.2 The limitations of the structured review of ABA related to paediatric 
dentistry. 
The structured literature review was the first of its type and highlighted the use of 
ABA methodology to decrease problematic behaviours encountered by paediatric 
dentists such as bruxism, digit sucking and uncooperative behaviour in the dental 
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chair. Although the majority of these studies were deemed to be adequate in 
quality, a few had methodology issues that did not allow one to draw conclusions 
about the effectiveness of the interventions.  
The preface to chapter 7 highlights the limitations of this review. The main points 
raised related to studies being excluded due to being published prior to 1984 or 
not included as they were not specifically labelled as dental or dentistry.  As such 
this review cannot be described as fully comprehensive having omitted some 
potential studies that may have been if use to people working in this field.  
However, this review is still of immense value in evaluating the work already 
undertaken and suggests areas which require research in the future. ABA’s value is 
being able to demonstrate a functional relationship between a chosen behaviour 
and an intervention in single cases or small group studies. The variables that lead 
to certain behaviours are highly individual, often too varied to be captured by the 
broad statements gleaned from randomised controlled trials. ABA is a delicate and 
precise tool that can be used to aid behavioural change of individuals and small 
groups and is therefore ideally suited for use in the dental practice, school class, or 
other settings. 
11.2.3 Limitations of the research into the knowledge of behavioural principles 
amongst UK paediatric dental specialists. 
To assess the future potential of ABA to the paediatric dental profession there was 
first a need to gauge if the profession had the requisite knowledge of ABA 
principles. This knowledge is required to select and implement an intervention as 
effectively as possible. In general, the specialist practitioners scored poorly, which 
was surprising considering many professional bodies recommended non-
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pharmacological management techniques, such as positive reinforcement, 
anchored in ABA and behavioural psychology. 
The low average knowledge score of 38% may imply that the questionnaire was 
too difficult. However, there was a wide spread of scores (ranging from 0 to 75%) 
showing a good variability of responses. As mentioned in the preface to chapter 8, 
despite the demonstrated lack of theoretical knowledge, it is possible that 
practitioners may be practically adept at behavioural management based on 
classical and operant conditioning. For instance, a cornerstone of applied 
behaviour management is the delivery of timely contingent reinforcement. In 
order to determine whether paediatric dental practitioners deliver timely positive 
conditioning via verbal praise at a variable rate of reinforcement, a further 
observational study of specialist practitioners in the surgery would be of interest. 
Such observations would be invaluable in the training and education of future 
paediatric specialist practitioners. 
Once an educational intervention has taken place to educate the profession on 
behavioural psychology and ABA principles, research needs to be undertaken to a) 
establish if the training has led to an increase in theoretical knowledge in the 
profession b) establish if the training has led to a better patient outcome c) 
establish if the patient has led to decreased stress in the operating dentist. 
11.2.4 Limitations on the research into reward choice and reward value  
The study exploring reward choice, illustrated in chapter 9, indicated that children 
would prefer a novel item as a chosen reinforcer over the traditional sticker. As 
mentioned in preface to chapter 9, the major limitation to this study is that it did 
not show whether or not the salience of the reward alters the child’s behaviour in 
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the dental environment. Future research should investigate if the salience of the 
reward has a significant effect on a child’s behaviour in the dental chair. This could 
take the form of a simple measure such as timing the child’s time to sit in the 
dental chair as demonstrated in Peretz’s ”Magic Trick” study (2005). A more in 
depth study should utilise ABA methodology to demonstrate a significant 
relationship between independent and dependent measures. 
11.3 The relevance of ABA for paediatric dentistry and future service 
provision. 
11.3.1 In the dental surgery 
The behavioural management of young patients is a continuing problem for the 
dental profession. In the age range of 4 to 11 years, Klingberg et al (1994) 
suggested that the prevalence of dental behaviour management problems in the 
Swedish population was 10.5%, as judged by the dentist. In addition, dental 
anxiety, often the motivation underpinning disruptive behaviour, has been shown 
to be widespread in paediatric dental patients, including the UK population (Coxon 
et al 2019, Coxon et al 2019). Previously the profession has concentrated its 
research and teaching on pharmacological methods to allow treatment on non-
compliant young children. For example, there are numerous reviews on the use of 
nitrous oxide to aid dental treatment in young children (see for example, Hosey 
2002).  
While there is no doubt that pharmacological methods will always have a place in 
paediatric dental treatment, there is little evidence to suggest that this leads to a 
long term change in the patient’s behaviour and beliefs (Matharu and Ashley 
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2006). In addition, there is an increasing pressure for the profession to look to non 
pharmacological methods to allow young children to be treated in the dental chair 
(AAPD 2011, Campbell 2011). While there are some examples of ABA being used to 
judge the effectiveness of behavioural interventions (see Chapter 7) there are 
notable gaps in the knowledge. For example, systematic desensitisation and 
counterconditioning (DSCC) is widely used in the treatment of other forms of 
anxiety, such as a fear of showers (Love et al 1990) and a fear of dogs (Erfanian 
and Miltenberger 1990). DSCC has also been used to help adult individuals with 
dental phobia (Conyers et al 2004). ABA would be an ideal tool to assess the 
effectiveness of such an intervention with regards to dental anxiety in children.  
 
Research into the effectiveness of behavioural interventions to help resolve dental 
anxiety is especially relevant given the relationship poor oral health has with a fear 
of the dentist in young children, as suggested by our regression analysis of the 
CDHS 2013. Even in dentally anxious older children, where dental anxiety did not 
predict poor oral health, there was a clear indication that the oral health impacted 
far more on the everyday life of dentally phobic adolescents compared to non 
phobics. The long term consequences of the demonstrated negative cognitions are 
not clear. In adults dental phobia is associated with poor oral health and lower self 
esteem in numerous studies, both in specialist clinics (Berggren and Meynert 
1984) and in epidemiological studies (Hägglin et al 2001). A regression analysis, 
which utilised data from the Adult Dental Health Survey (2009) confirmed that 
even after taking confounders into account, dental anxiety was still a significant 
predictor of poor oral health and had a negative effect on quality of life (Heidari et 
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al 2017). Such findings are in keeping with theories of spiralling poor oral health as 
described by the vicious cycle model (Berggren and Meynert 1984). Behavioural 
modification methods, utilising ABA methodology, may be an ideal tool to break 
this negative cycle. 
The use of ABA is not just limited to the investigation of behavioural techniques 
new to the dental field. Our research suggests that it should be used to investigate 
the effectiveness of traditional techniques utilised in the dental surgery. Stickers 
are universally used in dental clinics as a means of rewarding desired behaviour. 
However, our research questioned if this is the ideal means of primary 
reinforcement for young children in the dental chair. Positive reinforcement 
techniques rely on the salience of the reward to gain the required motivation to 
comply with the dentist’s requests. Our study highlighted that when given a choice 
of low value rewards, stickers were unlikely to be chosen (Coxon et al 2017). By 
looking into the likely salience of a reward, this study mimics the functional 
analysis component of ABA, were relevant information is gathered prior to 
commencing a behavioural intervention.  
However, positive reinforcement is greatly affected by the timing of the reward; 
ideally there should be a minimal delay between a behaviour occurring and the 
presentation of the reward (McDevitt and Williams 2001). This is termed temporal 
contiguity. In the dental setting this is technically difficult. For example, it is often 
not possible to stop treatment multiple times while the child is given a reward. One 
technique often advocated to overcome this barrier is the use of a conditioned 
reinforcer (Cooper et al 1987). Here a novel stimuli of no inherent value becomes 
associated with a primary reinforcer such as a toy, via classical conditioning. 
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Examples of conditioned reinforces include tokens, plain stickers, or even a novel 
sound. These can be presented during the treatment session to improve the 
reward timing. An example of such a study protocol is included in appendix B  
11.3.2 ABA and oral health promotion.  
Health care policy and provision is traditionally centred on an economic approach, 
which is grounded in the assumption that its consumers are rational decision-
makers who only require information to avoid making irrational choices and 
decisions (Hough 2013). However, there is an increasing realisation that many 
health problems, such as obesity, are created to a large extent, by the automatic 
decision’s individuals make every day. The traditional method of health 
educational programmes has been shown to be of limited value in achieving a wide 
spread behavioural change (Ariely 2008).  This has led to the championing of a 
behaviour-focused approach to health care, which is part of a prudent healthcare 
strategy where the focus is on providing support and motivation for an individual 
to make correct decisions with regards to their health. 
The majority of diseases faced in dentistry fit in well with this behaviour focussed 
health care model. Whether an individual develops dental decay is strongly related 
to their behaviour, or in the case of young children, the behaviour of their 
caregiver. Aside from fluoride provision, the traditional approach to preventing 
tooth decay has centred on delivering healthcare information. Our research 
highlighted only one study that examined a behavioural strategy to decrease the 
intake of cariogenic food (Pal 1986), despite a wealth of evidence that highlights 
the relationship of sugary drinks and food consumption and dental decay. 
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Other behaviours relating to oral health, such as toothbrushing, are also lacking 
from the review of published ABA studies relating to paediatric dentistry (Coxon et 
al 2019). Only one study focused on toothbrushing as the target behaviour (Blount 
and Stokes 1984), while a further two studies focused on the effective use of dental 
floss (Dahlquist and Gil 1986 and Dalhquist et al 1984). Our further analysis of the 
CDHS highlighted significant relationships between poor oral health and 
behaviours such as toothbrushing and the use of fluoridated products (Coxon et al 
2019), indicating that further research should take place in this area. 
With the change in how we approach healthcare provision, behavioural change is 
rapidly becoming the primary tool in the prevention and management of many of 
the major health problems. This is especially true of most of the dental diseases. 
ABA is a valuable tool to help provide evidence at a practice-based level about 
what behavioural interventions are effective. 
However, although the time may be correct to encourage ABA methodology, its 
effective use requires a prerequisite knowledge of the principles of behavioural 
psychology. While behavioural management techniques are listed in the training 
curriculum for specialist training in the UK (Royal College of Surgeons 2009), our 
research suggests that there is a need to educate and train the profession in this 
field. This should not be confined to specialist training. The continuing emphasis 
on prevention of dental disease would imply that methods to help patients change 
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Appendix B  
 
Draft protocol of ABA study to review the effect of the use of a 
conditioned reinforcer on paediatric disruptive behaviour in the dental 
chair. 
Design 
Multiple baseline design across subjects (for example, Cooper, Heron and Heward. 
Applied Behaviour Analysis (Second Edition, London, Pearson 2004). 
The design involves measuring the frequency of occurrence of behaviours 
(baseline recording) and then intervening and observing the effect on the rate of 
occurrence of the behaviour across a number of subjects. 
The study will seek to observe until baseline measures are stable and intervene 
with the following target behaviours in the dental chair: 
• The child laying still with hands on lap and head tilted up with mouth open 
to allow the dentist to inspect teeth with a dental mirror and dry teeth with 
a 3 in 1 syringe. 
• The child laying still with hands on lap and head tilted up with mouth open 
while dentist places topical anaesthetic in the buccal sulcus and deposits 
local anaesthetic. 
• The child laying still with hands on lap and head tilted up with mouth open 
while the cavity is prepared, or the anaesthetic of the tooth is checked with 
a probe prior to extraction. 
• The child laying still with hands on lap and head tilted up with mouth open 




15 children aged between 4 and 8 year attending the Chief Investigator’s clinic. 
Inclusion criteria  
• Between 4 and 8 years of age 
• Able to follow verbal instructions. 
• Require at least four visits for dental treatment including fissure sealants, 
simple restorations, and extractions. 
• Previously demonstrate a failure to comply with any of the four target 
behaviours in a single visit. 
Exclusion criteria 




Prospective participants will be approached by letter at least one week prior to 
their dental visit. The letter will be sent to their primary caregiver together with an 
information sheet for the child and the caregiver. On the day of the first dental visit 
the Chief Investigator will go through the study information again and seek 
assent/consent from the both the child and the caregiver. 
The first visits will comprise of baseline observations. During the baseline phase of 
the study, the children will be given the standard treatment procedures, including 
restorative work and simple extractions. The dentist will explain the procedures, 
show the child the instruments described using age appropriate terms and carry 
out the procedure. The child be requested to comply with the four target 
behaviours. 
Once baseline data is stable, the intervention will be introduced. The child will be 
informed that they will be able to earn a prize if they cooperate during treatment, 
and asked to choose a prize from a list of rewards. They will also be shown a board 
listing the four things they have to do, with four boxes for each behaviour. They 
will be done while the child is in the waiting room. When the child enters the 
surgery the procedures will be explained as in the baseline phase and the patient 
will be told they need to earn four plain stickers to gain the chosen prize. Stickers 
will be placed on the cardboard board “good patient certificate” attached below the 
light. 
One sticker will be given when the patient fulfils each of the following criteria: 
a) Lie still with hands on lap and head tilted up with mouth open to allow the 
dentist to inspect teeth with a dental mirror and dry teeth with a 3 in 1 
syringe. 
b) Lie still with hands on lap and head tilted up with mouth open while dentist 
places topical anaesthetic in the buccal sulcus and deposits local 
anaesthetic. 
c) Lie still with hands on lap and head tilted up with mouth open while the 
cavity is prepared, or the anaesthetic of the tooth is checked with a probe 
prior to extraction. 
d) Lie still with hands on lap and head tilted up with mouth open while the 
filling material or stainless steel crown placed or the tooth is extracted. 
Should the child get four stickers they will be given the reward (as initially 
chosen by the child) by the person in the waiting area who helped them choose 
the “reward”. 
Observational measures. 
All four visits will be video recorded. The recording will be scored by two 




a) Disruptive behaviour using the Anxious and Disruptive Behaviour Code 
(Stark 1989) 
b) Global rating of co-operation on a single item 10cm Visual Analogue Scale 
with anchors of not all cooperative to fully cooperative and the Co-
operation Rating Scale (Stark 1989) 
In addition, observes will be asked to score the frequency of verbal or physical 
reinforcement from the dentist and dental nurse during the procedure. 
 
